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NOTES ON NITROGLYCERINE.
By Prof. Charles E. Munroe, U. S. N. A.

The manufacture of nitro-glycerine is based upon the reaction which

takes place when glycerine is brought in contact with nitric acid and

which may be represented by

C3HAH3+3HONO,z=C3H5(NO,)303-(-3H,0
in which one molecule of glycerine being acted upon by three mole-

cules of nitric acid yields one molecule of tri-nitro-glycerine and three

molecules of water. Three of the atoms of hydrogen in the glycerine

being replaced by the three atoms of nitryl (NO2). in the three mole-

cules of nitric acid.

It is believed to be possible to produce three different nitro-glycerines.

By replacing one atom of hydrogen in the glycerine by one atom of

nitryl the mono-nitro-glycerine is formed, having the formula CgHjNO^
H2O3. By replacing two of the atoms of hydrogen by two of nitryl

the di-nitro-glycerine is produced, having the formula C3H5(N02)H03.

By replacing the three atoms, we get the tri-nitro-glycerine given in

the reaction above.

It is believed also that the tri-nitro-glycerine is the only one of these

compounds which is stable and that many of the accidents which have

been caused by nitro- glycerine have been due to the presence of these

other compounds in the tri-nitro-glycerine.

To produce pure nitro-glycerine it is necessary that we should use

the purest, most concentrated glycerine and the purest, strongest nitric

acid. The presence of any fatty impurities in the glycerine gives rise

to the decomposition and spontaneous explosion of the nitro glycerine,



6

hence tlie necessity of purity. It is difficult to obtain anliydrous gly-

cerine and anhydrous nitric acid, hence it is the custom to use the most

concentrated articles to be obtained and to mix with them some sub-

stance which will absorb the water and thus render them anhydrous.

The importance of using an exsiccating substance is further shown, if we

refer to the reaction, by the fact that water is one of the products of the

reaction and hence if we were to start with anhydrous glycerine and

nitric acid, after a portion of the glycerine has been converted the

water formed will have so diluted the remainder that there is danger

of the lower nitro-substitution products being formed.

Concentrated sulphuric acid is used as the exsiccating substance and

it is added in sufficient quantity to combine not only with the water con-

tained in the original substances but also with all the water formed dur-

ing the operation. But in using the sulphuric acid another element of

danger is introduced. The sulphuric acid removes the water by enter-

ing into chemical combination with it, a hydrate of sulphuric acid being

formed, and this combination is attended with the development of heat.

If the temperature is raised somewhat there is danger of the nitro-gly-

cerine being exploded or if an explosion does not result the glycerine

will be wasted by being converted into oxalic acid and other products,

which may render the nitro-glycerine unstable. Hence it is neces-

sary to keep the mixture cool while the conversion is taking place and

in the process of manufacture this is effiicted by means to be described.

I have thus attempted to state as briefly as possible the rationale of

the operations in the manufacture of nitro-glycerine. I will now de-

scribe some of the processes employed.

Sobrero, the discoverer of nitro-glycerine, proposed the following pro-

cess for its manufacture ; one half oz. of anhydrous glycerine is pour-

ed with constant stirring into a mixture of two ozs. of concentrated sul-

phuric acid and one oz. of fuming nitric acid of Sp. Gr. 1.52, the tem-

perature of the mixture being kept below 25°C. by external cooling

with ice, and as the oily drops begin to form on the surface, the mix-

ture is poured with constant stirring into fifty ozs. of cold water. Nitro-

glycerine then separates and may be purified by washing and drying

in small portions, in a vapor bath. (Liebe, Arch. Pham. ciii, 158
;

civ, 282.)

DeVrij's process diiFers from the above only in the proportion of

the acid used and in the fact that the sulphuric acid was added after

the mixture of the glycerine with the nitric acid had been effected.

The Mowbray process as used at North Adams and in a much im-



proved form at Newport, is simply an adaptation of the Sobrero pro-

cess to the commercial manufacture.

Many of you are familiar with the process, yet you will pardon me if

I call your attention to it again in order to compare it with the pro-

cesses which are afterwards to be described. The acids are first mixed
in the proportions of one part of nitric acid (Sp. Gr. 1.45) to two pts.

of sulphuric acid (Sp. Gr. 1.8) and cooled.* The operation is conducted,

in the words of Prof. Hill, as follows.

" The apparatus used for this purpose, at the Station, is shown on

the Plate. An elevation, section and plan are given, the lettering be-,

ing the same in the three.

A, A, A, A, A, A, are wooden troughs placed around the brick chim-

ney D, D. In these troughs are the earthen-ware pitchers a, a, a - - - a

which contain the acid mixture. On the shelf B, above the pitchers,

are the bottles b, b, b, b which contain the glycerine. The bot-

tles are loosely closed by wooden stoppers with broad, rounded tops.

Through holes in these stoppers, pass loosely the rubber tubes c, c, c, c,

which reach to the bottom of the bottles and cai'ry small glass jets at

their outer ends. Conical wooden plugs e, e, e, e, are placed in the

holes through the stoppers, alongside the rubber tubes.

The steam pipe G passes along the shelves B, B, just behind the

glycerine bottles. The air-main F passes under the shelf B, and car-

ries on its under side a number of small short pipes or jets, (two for each

pitcher,) to which are attached the rubber tubes d, d, d, d, Avhich hang

over the pitchers. In these rubber tubes are inserted glass tubes, long

enough to extend to the bottom of the acid pitchers. In the elevation,

these tubes are out of the pitchers, but in the section they are in place

as if in use.

The troughs are made tight to hold the ice water with which the

pitchers are surrounded. Partitions, with openings at the bottoms, cut

off the corners of the troughs, forming clear spaces f, f, f, f. These

spaces contain water only, as the partitions keep out the ice. These

water spaces are convenient as affording opportunities for quickly

emptying a pitcher into water if it becomes necessary. In one corner

of each trough is placed a pipe, through which the water may be drawn

off into the escape E, when the operation is finished.

The pitchers stand on narrow strips, which raise them off the bot-

tom about two inches, thus giving the cold water free access all about

* Notes on Explosives, by Walter N. Hill, S. B., Chemist U. S. Torpedo
Station.
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them, and when ia position are well under the overhanging hoods Ci,C,.

These hoods are flat wooden boxes, wide at the bottoms and drawn in

at the tops, where they fit against openings in the chimney D, D. In

the lower part of the chimney, on the floor below, is placed a grate

and fire door (not shown in drawing).

Each pitcher receives 18 to 20 pounds of the acid mixture (accord-

ing to the strength of the latter). All are then set in place in the

troughs, covered with glass plates, surrounded with ice and water and

allowed to stand until completely cooled. Into each bottle is put two

pounds of glycerine.

When the acid in the pitcher has fallen to the temperature of the

surrounding ice water, the covers are removed from the pitchers and
the air tubes passed through holes in the hoods down into them.

Through these air-tubes a strong current of air is forced by means of

a pump driven by steam. This current of air keeps the contents of

the pitchers in continual agitation. The air for the pump is drawn
through sulphuric acid to render it perfectly dry, and just before it

enters the air-main over the troughs, it is thoroughly cooled. The
cooling arrangement is made often coils of small tin pijoe, which are sur-

rounded by ice, (or better, ice and salt). These coils are so arranged

as to give an extensive cooling surface without impeding the current.

As soon as the air-current has been turned on, the flow of the glycer-

ine is begun. Each rubber tube c is a siphon, which is started by suc-

tion through a glass tube inserted in the outer end. As soon as the

glycerine runs freely, the suction tube is withdrawn, and a fine pointed

glass jet put in its place. The glycerine runs from this jet in a fine

stream directly into the pitcher under it. In cold weather the glycer-

ine may become too thick to flow easily. To overcome this, the bot-

tles of glycerine are warmed by passing steam through the pipe behind

them until the glycerine is sufficiently thin.

The glycerine dropping into the acid mixture is rapidly acted on

and converted into nitro-glyceriue."

When the whole of the glycerine has run into the acid mixture, the

mixture of acids and nitro-glycerine are poured into a large wooden

tub filled with water and the nitro-glycerine is washed until all traces

of the acids are removed.

Nobel's Process.

In * Nobel's process a large leaden cylinder capable of holding 200
* From a verbal description by M. Alphonse Brunet, Inge'nieur du Syndi-

cat des Fabriques de Dynamite.



litres is placed inside a wooden cylinder. Cold water circulates in the

space between the two, and also, through a leaden \yonn coiled up in

the inside of the leaden cylinder. Tlie charge of acid is placed in the

converter, and a leaden pipe with a perforated nozzle introduces the

glycerine into the center of the acids. Inside of this pipe is another

which brings in the compressed air so that the glycerine is forced

into the acid mixture under a considerable pressure and the mixing

is very intimate and rapidly effected.

The acid mixture is obtained by dissolving one part of KNO3 in

three and a half parts of H2SO4 of Sp. Gr. 1.8. The mixture is cooled

down to 0° C. when the whole of the potash separates out as K,jSOi af-

ter the reaction.

H3SO,+2KN03i=K,SO,+2HN03
and there remains a mixture of the strongest nitric and sulphuric acids

After the conversion of the glycerine is complete, it^is run into the

washing tanks and finally treated with three per cent, of Na^ CO3.

By this apparatus one thousand kilos, of nitro-glycerine are made
per day at Paulille, in Southern France.

* In 1876 the Noble process was used, with some slight modifications,

at 14 factories.

Date of foundation.

1865. Vinterudken, near Stockholm, Sweden.

1866. Christiana, Norway.

1865. Kriimmel, near Hamburg, Germany.

1868. Zamky, near Prague, Austria.

1872. Schlebuch, near Cologne, Germany.

1874. Presburg, Hungary.

1872-3. Isleten, canton of Uri, Switzerland.

1872-3. Avigliaua, near Turin, Italy.

1872. Galdacano, near Bilbao, Spain.

1873-4. Trafaria, near Lisbon, Portugal.

1871. Ardeer, near Glasgow, Scotland.

1870-71. Paulille, near Port-Vendres, France.

1868. San Francisco,

1873. New York.

Since then, the' Scottish works have been removed to Stevenson.

These factories produced in 1874, three and a half million kilogrammes

of dynamite. The most important factory is that of Kriimmel, wdiere

* Les Explosifs Modernes par Nobel, Roux et Sarrau, page 161.
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the product is six hundred thousand kilogrammes. The factories at

Zamky, Stevenson and San Francisco, follow with an annual yield of

from four hundred thousand to five hundred thousand kilos.

At Stevenson, the nitric acid is made by the ordinary process, which

consists in heating potassic or sodic nitrate in large retorts with sulphu-

ric a6id, and condensing the nitric acid, which is given off; or else it is

absorbed by concentrated sulphuric acid and the mixture used for

making nitro-glycerine.

At this factory the mixture of nitro-glycerine and mixed acids is

run off from the converter into settling tanks and when the nitro-gly-

cerine has settled, the acids are drawn off and used for making nitric

acid.* The nitro-glycerine is then run into the washing tank and

washed as usual.

I am indebted to Mr. Alex. Cuthbert the manager of the Stevenson

works, for a coj)y of the tests which are applied to the glycerine used

by them ; and also, for a copy of the Government test for nitro-gly-

cerine mixtures.

Essentials of Glycerine Used by Nobel's Explosive

Company, Glasgow.

"For our own purpose glycerine, when diluted with twice its bulk of

pure water, should give no precipitate with ammonia, even after stand-

ing for some time. There should be no precipitate with ammonia and

oxalate of ammonia. Nitrate of silver added to it ought not to make
it milky. Hypo-nitric acid passed through it ought not to curdle it.

The smell, if there is any at all, ought not to be unpleasant nor the

color dark.

Complete solubility in water shows freedom, in some degree, from

oil or fat. Precipitates with ammonia, show iron and alumina; with

oxalate of ammonia, lime; with nitrate of silver, chlorides: curdling

with hypouitric acid shows presence of fatty acids (oleic, margaric and

palmitic), all of which are objectionable, and shows imperfect decom-

position of the fat or oil from which the glycerine has been made, and

also, defective distillatiou. A bad smell indicates decomposition in

the still, and a dark color indicates charring. Both of these are

caused either by too little steam in the still, or by too high a tempera-

ture in it. The distillation to be good must be effected in an atmos-

phere of super-heated steam at a temperature of 500° to 600° Fah.,

rather lesa than more. But the concentration of the distilled glycer-

,
* From a verbal statement by Mr. Cuthbert.
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ine must be effected in so called vacuum paus, in the same way that

sugar liquors are concentrated. Any over heating during this opera-

tion is sure to cause decomposition that will injuriously affect the yield

of nitro-glycerine."

Heat Test for Nitro-Glycerine Mixtures.
" Experiments to ascertain whether a heat-test, similar to that adopted

in the case of gun-cotton, could be applied to nitroglycerine prepara-

tions of different kinds for the purpose of exercising control over the

quality, in regard to stability, of commercial preparations of this class.

These experiments were carried on in the Chemical Establishment

of the War Department, and embraced a trial of a large number of

specimens, including samples that from time to time had been for-

warded to the Committee for examination, and trade samples received

from H. M. Inspector of Magazines.

The method of applying tlie test and the results obtained, are given

in the following Memorandum from the War Department Chemist.

Woolwich, Februai-y 11th, 1874.

Secretary of Special Committee on Gun Cotton, &c.

:

In accordance with the request of the Committee I have instituted a

series of experiments with the view of ascertaining whether a heat-test,

similar to that employed as a means of ascertaining whether the

processes of purification have been sufficiently applied to gun-cotton,

can be applied to nitro-glycerine preparations ol different kinds, for

the purpose of exercising control over the quality, in regard to sta-

bility, of commercial preparations of this class.

As these preparations differ considerably from each other, both as

regards the proportion of nitro-glycerine which they contain and as

relates to the solid materials with which that substance is mixed, the

most satisfactory course to be pursued in applying a heat-test for com-

parative purposes would at first sight appear to consist in extracting

the nitro-glycerine itself from the preparation to be tested and apply-

ing the heat-test to the liquid, apart from the other ingredients of the

preparation. I therefor* instituted a number of experiments in this

direction, but with unsatisfactory results. Mechanical means were

found to be inapplicable to the separation from small samples (say one

cartridge) of even those materials richest in nitro-glycerine sufficient of

the liquid for purposes of testing ; its extraction by means of a solvent

was also found to be inexpedient, because the obstinate retention by

the nitro-glycerine of small portions of the solvent used, was found

likely to become a fruitful source of fallacious results. It was ascer-
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tained, moreover, that the period for which nitro-glycerine may be

exposed to heat (150-160° F. ) before it furnishes any indication of

change by the disengagement of acid vapor; is very different when the

liquid is heated by itself and when it is reduced to a state of division

by absorption in some porous medium or by mixture with solid sub-

stances of inert character.

I therefore proceeded to apply to various samples of dynamite and

'other nitro-glycerine preparations, in their original condition, the heat-

test described in detail in the official specification which governs the

supply of compressed gun-cotton to H. M. Government.

An entire cartridge or half a cartridge of each sample (previously

thawed, if frozen,) was rubbed up thoroughly, so as to furnish a uni-

form sample as pulverulent as it could be obtained. Fifty grains were

then introduced into the test tube, pressed down firmly by means of a

flat-headed glass rod, and placed in the testing bath which was main-

tained at 160° F., the test being carried out in accordance with the

directions laid doAvn in the gun-cotton heat test.

The following results were obtained with samples which I have here

distinguished by numbers,* giving at the same time the percentage

of nitro-glycerine in such as it had been estimated in.

Number



13

It was thought possible, before this series of experiments was carried

out, that the proportion of uitro-glycerine, in a given sample, might

considerably influence the results obtained, but it appears to be satis-

factorily indicated by the comparative results furnished with samples

2, 4, 5 and 7 (as well as with others) that such is not the case at any

rate to an extent to affect the value of the test as a comparative one.

The high results furnished by sample 13, were unquestionably to be

ascribed to the presence of a large proportion of a substance (carbonate

of soda) capable of neutralizing any acid liberated by the action of

heat, and it is probable that some other high results observed in the

series are ascribable to the same cause, as an alkaline (or earthy) car-

bonate is at any rate occasionally used as a protective constituent in

the production of this class of preparations. There is no question that

the keeping properties of a nitro-glycerine prepaiation are, at least in

many cases, likely to be considerably improved by such a precau-

tionary measure. The fact that the existence of such an ingredient as

carbonate of soda, in a particular sample, has the effect of raising the

test which would be furnished by that sample if the neutralizing mate-

rial were not present, can therefore not, in my opinion, be considered

to reduce the reliability of the test as a practical indication of the

stability of the preparations examined.

There appear to be strong grounds for ascribing the high results fur-

nished by No. 8 sample to a protective action exerted by the paraffin

which existed in that particular preparation. I am, however, unable

to speak with decision on this point, which could only be satisfactorily

determined by experimenting with preparations made up of one and

the same batch of nitro-glycerine, with and without the addition of

paraffin, but in all other respects alike.

Some considerable experience in the application of the heat-test to

samples of the various nitro-glycerine preparations of commerce is in-

dispensable before a decided opinion can be -given as to the minimum

duration of exposure to 160° F., which a sample should sustain before

any reaction is produced upon the test paper. The results obtained

with samples 1, 3, 9, 10, 11, 16, 17 and 18 (of which there was not one

possessing exceptional characters) appear, however, to indicate that

samples of dynamite, &c., should sustain exposure to 160° F. (in the

manner specified) for not less than 5 to 6 minutes before producing

any action upon the test paper.

(Signed) F. A. ABEL.
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Apparatus required.
—1. A spherical glass

vessel, Fig. 4, about 8

inches diameter (a) filled

with water to within a

quarter of an inch of the

edge, haviug a loose cov-

er of sheet tin or copper

about 7 inches square (b),

rests on a tripod stand

J
about 14 inches high (c),

covered with coarse iron-

wire gauze (e), and sur-

'ounded with a screen of

thin sheet copper (d). Within this is placed an argand burner (f ) with

glass chimney. Over the glass globe is placed a common green paper

lamp shade (mn ). The cover (b) has 5 holes arranged as seen in Fig.

5 ; No. 5 to receive the thermometer ; No. 1, the regulator ; No. 4, a

small funnel ; and Nos. 2 and 3, test tubes containing the gun-cotton

to be tested. Around holes 2 and 3 on the under side of the cover are

soldered 3 pieces of brass wire with points slightly converging (Fig. 6

turned upside down), these, acting as springs, allow the test tubes to

be easily placed in position and removed.

2. Scheibler's temperature regulator.

Two cells of Le Clanch(5's battery, No. 1.

A few yards of insulated copper wire.

Test tubes about I inch diameter and not less than 5 inches long.

Glass rod with a flat head, of sufficient length to reach to the

bottom of the test tubes.

Corks, fitting the test tubes and carrying an arrangement for

holding the test pajDcr (a thin glass tube passing through the

centre of the cork, drawn out and terminating in a platinum

wire hook, Fig. 7).

A thermometer with range not less than 30° to 212° Fahrenheit.

A minute clock.

Materials required.—The test paper is prepared as follows:—45

grains of white starch are added to Si ounces of water, and the mixture

is stirred and heated to boiling ; 15 grains of iodide of potassium are

dissolved in 82 ounces of water. The two solutions are thoroughly

mixed together. Strips or sheets of white Swedish filter paper are

.9..
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dipped in the solution thus prepared ; they are then allowed to drain

and dry. The dimensions of the pieces of test paper used, are about

J inch by f inch. The paper shoiild be preserved in a well-stoppered

or corked bottle.

Preparation of Samples for Testing.—Half a cartridge of the

material (or about 500 grains, if it is not supplied in the foim of car-

tridges,) is thoroughly rubbed up together so as to furnish a very uni-

form sample. If the material is frozen, it should first be thawed.

Application of the Test.—The thermometer is fixed so as to be

inserted through the lid of the glass globe into the water (which is to

be steadily maintained at a temperature of 160° Fahrenheit) to a

depth of 2| inches. 50 grains of the sample to be tested, are inserted

into the test tube and gently pressed down to the bottom, with a flat

headed glass rod. The test tube is then inserted through the perfora-

tion in the cover and is immei-sed in the hot water to the depth of 2J^

inches, the tube being closed with a loosely fitting cork. A test paper

is fixed on the lower extremity of the glass rod, so that, when inserted

into the tube, it will be in a vertical position. A drop of distilled

water containing 10 per cent, of pure glycerine is applied to the upjjer

edge of the test paper, the quantity used being only sufficient to

moisten about half of the paper; the first cork is then taken out of the

test tube and replaced by the cork holding the glass rod and test pa-

per, keeping the test paper as near the top of the test tul^e as possible

"

until the tube has been immersed for about 5 or 6 minutes. A ring

of moisture will, about this time, be deposited in the test tube a little

above the cover of the bath ; the glass rod must then be lowered until

the lower margin of the moistened part of the paper is on a level with

the bottom of the ring of moisture in the tube; the paper is now closely

watched. The test is complete when a very faint brown coloration

makes its appearance at the line of boundary between the dry and

moist part of the paper. The interval of time between the first inser-

tion of the tube containing the sample in the water at 160° and the

first appearance of discoloration on the paper, constitutes the test."

Works at Vonges.*

The manufacture of nitro-glycerine is carried on by the French gov-

ernment at the powder mills at Vonges, in the eastern part of the

* The works at Vonges were not in operation during my visit and I

could only see the plant, I am indebted to my courteous and obliging

escort M. Georges Coutagne, IngCnieur des Poudres et Salpttres, for the

description of its mode of use.



16

country, about thirty miles from Dijon. The factory consists of

six light frame buildings about thirty feet long, fifteen feet high, well

lighted by six windows on the front which extend nearly to the ground

The buildings stand along the side of a stream with earth embank-
ments behind each building and earth traverses between the buildings.

TJie buildings are used as follows.

No. 1. For mixing the acids.

" 2. '' " '• glycerine and sulphuric acid.

" 3. For making dynamite.

" 4. For washing the nitro-glyceriue.

" 5. For making nitro glycerine.

Besides these there is an old shed near No. 1 where the mixtures are

cooled.

In No. 1 the nitric and sulphuric acids are mixed in equal propor-

tions by weight.

The apparatus used consists of a semi-cylindrical trough, Fig. 8., ox

iron lined; with lead, about 1 metre long and 40 era. in diameter.

The trough is surrounded by an iron jacket. Water is kept circula-

ting in the space between in order to keep the mixture cool. When
the apparatus is in use it is covered with a semi-cylindrical iron cov-

er, lined with lead, to prevent loss by spattering. A shaft running

the length of the trough and turned from the outside by a crank, is

armed with paddles which, when the shaft is turned, mix the acids to-

gether very intimately. A leaden tube at the bottom allows the acid

to run off into carboys. The apparatus rests on a light iron frame.

The acids are now carried in the carboys to the cooling shed where

they are immersed up to their necks in troughs of cold water and al-

lowed to remain till thoroughly cooled. The cooling shed is open on

all sides to admit of the ready circulation of the air but covered on

top to shield the acids from the influence of the sun.

In the next building the glycerine is mixed with concentrated sul-

phuric acid, by means of a similar apparatus to the one described above,

in the proportion of one hundred kilos of the glycerine to three hun-

dred and twenty kilos of the acid. This mixture stored in carboys is

then removed to the cooling shed.

We will now turn to the converting rooms. Here the earthern pots

Fig. 9. used for the conversion of the glycerine, twenty in number, are

ranged in two rows elevated on a platform about a metre high, with

about a metre space between the rows. The pots are of about eighty
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three litres in capacity. They are closed with leaden covers sealed

with sulphuric acid to prevent the exposure of the entire surface of

the mixture to the atmosphere, for this would permit the absorption of

the aqueous vapor in the atmosphere which would result in the dilution

of the acid and endanger the safety of the process or at least render

the yield less. As however during the operation fumes may be gen-

erated which will exert pressure, a vent Fig. 10 must be provided.

This is secured by fitting into the cover two pieces of lead pipe 4 cm.

in diameter and 5 cm. long. Around each of these outlets another

piece of pipe 6 cm. wide and 4 cm. long, is fastened to the outside of

the lid, thus making an annular space which may be filled with strong

sulphuric acid to act as a seal. A leaden cap fits over the inner tube

and a curved leaden tube about 2 cm. in diameter leads from the top

of the cap, and permits the nitrous fumes to escape into the air.

The object of this apparently complicated device is as follows.

When the action is going on quietly the small tubes are of sufficiently

large dimensions to permit the gases generated to escape freely but if

through any cause a large volume of gas is generated the pressure will

cause the caps to be lifted and the entire area of the 4 cm. pipe will

then be exposed, thus furnishing, without any harm being done, a suf-

ficiently large opening for the escape of the gas.

The remainder of the apparatus consists of a bent lever for raising

the covers of the pots which lets into two upright iron bars which are

erected beside each pot, and of lead siphons for running off" the acidg

and nitro-glycerine.

To make the nitro-glycerine forty-two kilos of the mixture of gly-

cerine and sulphuric acid and fifty-six kilos of the mixed acids are

poured into the pot, both of the mixtures having been thoroughly

cooled. The cover is then put on, and the action is left to go on over

night.

You will please observe how unlike this process is to any other

suggested. Here the mixture is surrounded by the atmosphere solely,

whereas, in all other processes, the mixture is kept cool by being sur-

rounded with ice or with cold water. In other processes the mixture

is continually agitated by a current of air or by some mechanical means

while here the materials are allowed to mix quietly together. And

finally w^hilein the other processes the glycerine is added in small quan-

tities to the acids and the process has to be closely watched to prevent ac-

cidents, here the whole of the glycerine is added at once to the acids

and the operation is left to itself. Yet this operation seems to be with-
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out danger for not a single accident has occurred since 1871, when the

manufacture was begun at this place by this method. Besides the

freedom from danger this process gives a larger yield of nitro-glycerine

than any other and the product is vtry pure.

The comparative yield is shown in the following table.

Champion and Pellet's process 1 kilo, of gly. yields 1.2 to 1.3 kilo, of n. gly

Girard, Millot and Vogt's " 1 " " " 13

Mowbray's process at Newport, 1 " " " 1.6 " 1.5 " "

Process at Vonges 1 " " " 1.8
•' "

Theoretical yield 1 " " " 2.46

Hill obtained by the action of the strongest nitric acid on anhy-

drous glycerine 1.96, 1.89 and 2.03 parts of nitro-glycerine from I of

glycerine. De Vrij obtained by the same process 1.84 parts of nitro-

glycerine.

The following table shows the relative amounts of acid used in va-

rious processes.

De Vrij

' Sobrero

' Siebe

* Champion
' Paeger & Betram

*Hill

' Vonges

Theory requires

After the operation of converting the glycerine is completed, the

mixture is siphoned off and conveyed in eariheru vessels to the wash-

ing room where it is thrown into water to remove the acid, the last

traces of the acids being neutralized by carbonate of magnesia. It is

then allowed to settle and is stored in the magazine.

When used for making dynamite it is conveyed to the dynamite

building. Here the infusorial silica, previously dried and silted, is

spread out on a low wooden table covered with lead. The nitro-gly-

cerine is poured upon it, and then a workman with a rolling pin incor-

porates the mass thoroughly. After the whole is incorporated the dy-

namite is squeezed in a large, wooden cylindrical vessel, having a per-

forated bottom, and provided with a plunger by which any excess of

nitro-glyceiine is squeezed out. The vessel is suspended vertically

1. From M. Coutagne's note book.

2. Calculiited from amount of acids used given on pg. 8.

Nitric.
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upon trunions so that it may be readily overturned and emptied. The

dynamite is now ready for cartridges. Three kinds of dynamite are

made at Vonges.

No. 1 contains 75 per cent, of nitro-glycerine.

" 2 " 50 " "

" 3 " 30 " " " "

Two to three per cent, of carbonate of magnesia are added to the

dynamite as a precautionary measure to neutralize any traces of acid

remaining in the nitro-glycerine.
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DISCUSSION ON THE PAPER.

. Lieutenant Soley. I noticed that the lectu-rer stated that the

nitroglycerine was tested with oxalate of ammonia for lime. It seems
to me that the use of so much water would involve the presence of

considerable lime in the explosive. Would the lime be deleterious, as

in gun cotton ?

Professor Munroe. The test for lime was made in the glycerine

before its conversion into nitro-glycerine. It is necessary that the gly-

cerine should be absolutely pure. Pure glycerine is made by passing

fats, with steam, through iron tubes heated to about 300"^ C. The su-

perheated steam then saponifies the fats and pure glycerine results. I

cannot say what is the effect of lime on the nitro-glycerine.

Lieutenant Soley. The process at Vonges is shown to produce a
much purer article with less danger than by the other pi'ocesses. Is

there any reason why it is not in more common use ?

Professor Munroe. The process as used at Vonges has not been

generally known until at present and consequently could not be used.

In Wurtz's Dictionaire de Chimie, a very recent work, it is stated that

the process is not yet made public, but that they obtain with great

economy and without danger nearly the theoretical yield while working

on large quantities.

Commander Sampson. The lecturer has given us a very thorough

and valuable description of the processes by which these powerful

explosives are obtained and the thanks of the society are tendered him.

Note—Since presenting these notes to the Institute, I have prepared a smal ]

quantity of nitro-glycerine by the process used at Vonges. When the gly-

cerine niixtui-e and acid mixture were mixed together there was no notice-

able rise in temperature and no nitrous fumes were evolved. The reaction

went on slowly and quietly. After a short time the liquid appeared turbid

and when, after standing for twelve hours, it was poured into a large vol-

ume of watei-, the explosive nitro glycerine was precipitated out. When
the glycerine and sulphuric acid were first mixed considerable heat was
developed and the glycerine was charred, but on repeating the experiment
both of the liquids were cooled with running water and then slowly mixed
with constant stirring and thus the charring was avoided. When the sul-

phuric acid and the glycerine are mixed sulphoglyceric acid is formed.

(Pelouze, Ann. Ch. Phys. Ixiii. 21). It is probable that the nitroglycerine

results from a metathetical reaction between the sulphoglyceric acid and
the nitric acid, a reaction which may possibly be represented as follows.

^S| o.+s"" |o=^^^\ 1 03+2^ |o+°' I o,

H3 )
NO, j (NO,)j j ' H j ' so,

j
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For some time past rumors have reached this country concerning

the discovery uf a new explosive by Nobel which was said to possess

even more power than nitro-glycerine while it was at the same time

more stable and better adapted to military uses. This explosive was

known as explosive gelatine or gum dynamite.

During the past summer I have collected fuller information about this

substance which I take pleasure in laying before you. I first learned

of it at the Exposition where several manufacturers of nitro-glycerine

mixtures exhibited sheets of glue, rolled into cylinders the size of an or-

dinary cartridge, as representing the character and appearence of the

gum dynamite cartridges ; and afterward in a lecture at the Trocerdaro

when M. Roux exhibited one of these rolls of glue and stated that

the gum dynamite cartridge resembled it. When however I afterward

saw a genuine cartridge of the gum dynamite in the laboratory of Prof.

Abel at Woolwich, I found that sample to consist of a light amber-

colored, gelatinous mass which lacked the coherence of sheet glue and

rather resembled jelly. This specimen came from the dynamite works

at Stevenson, Scotland, but, though they have received intimations from

the Government that they will be allowed to manufacture it,, it is not

yet an article of commerce, and therefore this may not be the form in

which it will appear.

From the specifications filed by H. E. Newton for Nobel in the Eng-
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Hsh Patent Office I have learned the following facts concerning ita

manufacture.

It has been found by experience that liquid explosives, such as nitro-

glycerine, methylic nitrate and the like are dangerous to store, trans-

port or use, while solid explosives have been found less dangerous.

Hence Nobel has been led to try and devise some plan by which these

most powerful explosives could be converted into the solid form. The
first step in this direction was the invention of the various forms of dy-

namite but while by the mixture of the nitro-glycerine with various

inert solid absorbents a solid explosive was obtained, this advantage

in state was attended with a loss in the power and for some purposes in

the efficiency of the explosive. Consequently he has sought for a

means for producing the solid form without any loss of power and in

the gum dynamite this is attained.

He has found that nitro-glycerine, methylic nitrate and other explo-

sive liquids exert a solvent action on collodion gun cotton similar to

that exerted by a mixture of ether and alcohol upon it and that, as

the ether and alcohol solution called collodion when concentrated by

evaporation leaves the gelatinous film on the photographic plate, so

the nitro-glycerine when it has dissolved sufficient of the soluble gun

cotton gelatinizes and the solid state is attained.

In some of the explosive liquids, such as methylic nitrate for in-

stance, the soluble cotton readily dissolves at the ordinary temperature

but it does not dissolve easily in nitro-glycerine unless it is heated.

Therefore he proposes two methods of manufacture. To produce the

gum dynamite in the cold he adds to the nitro-glycerine such a solvent

for the gun cotton as glycerylic acetic, ethylic acetic or methylic acetic

ethers, acetic acid, a mixture of ether and alcohol, acetone, uitro-ben-

zol, dinitro-benzol, methylic nitrate, ethylic nitrate and analogous sub-

stances to effect the solution. The quantity of solvent which must

be used depends upon the nature of the substance chosen but as a rule

about ten ounces of the nitro-glycerine taken to be gelatinized will be

found sufficient.

If however the nitro-glycerine be gently heated in a water bath it ac-

quires the property of dissolving collodion cellulose without the addition

of the promoting solvent. On account of this property the promoting

solvent can be entirely dispensed with or when it is found advanta-

geous to use the promoting solvent we can by heating reduce the quan-

tity used to two per cent, or even less. Since collodion gun cotton is

rarely, if ever, homogeneous in composition, its solubility in nitro-gly-
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cerine, even when aided by the heat of a water bath, will be found to

vary; therefore it needs must be left to the judgment and experience of

the manufacturer to add or not a predisposing solvent as above describ-

ed, and the necessary proportion will be readily ascertained in practice*

after a little experience.

This process of gelatinization necessiates, (1) that the explosive

liquid shall contain no impurity or foreign matter capable of counter-

acting its power of dissolving nitrated cellulose
; (2) that only such ni-

trated cellulose or analogous substance is to be used as will readily dis-

solve in and gelatinize the the explosive liquid
; (3) that the solution

of the nitrated cellulose (especially if that substance is twisted or com-

pressed) shall be facilitated by mechanical stirring or kneading so as

to allow the solvent access to all parts of the gun cotton.

The explosive jelly obtained by this process can be easily pressed into

cartridges or any other forms convenient for use. It may be exposed

in shallow trays, allowed to harden and then be cut in strips which

can be rolled into cartridges. For certain purposes, and especially

for military use, it is of importance to be able to dilute or modify the

explosive sensitiveness of gelatinized nitro-glycerine to a degree suited

to the purpose in view. This is done by adding a quantity of a non-

explosive or sluggishly explosive substance possessing the property of

dissolving the gelatinizing substance and of mixing with the nitro-gly-

cerine. The solvent substances before mentioned produce this result.

They serve not only the purpose of rendering the gelatinized nitro-gly-

cerine less sensitive to concussion, but also reduce the quickness with

which it explodes and lower the temperature at which it hardens or

congeals by cold. The least volatile substances are to be preferred

since they cannot become inoperative through evaporation.

The addition of these substances lowers the percentage of oxygen

and raises the percentage of carbon and hydrogen contained in the

mixture. To make up for the lost power it is proposed to add to

the mixture enough finely divided sodic or potassic nitrate, or potassic

chlorate, or other suitable oxydizing material to effect the complete

combustion of the excess of carbon and hydrogen in the mixture.

It can be seen that by this means an endless number of such mix-

tures may be made. Mr. Newton cites four different ones as indicating

the different classes of mixtures which may be produced.

I. Nitro-glycerine gelatinized with from four to eight per cent, of

gun cotton.
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II. No. I with from one half to thirty per cent, of glycerylic acetic

ether, or nitro-benzul, or a similar substance mixed with it. The wide

range between one-half, and thirty per cent., is given because a very

sensitive explosive is required for some purposes, and a very sluggish

one for others.

III. Composition II with the addition of an oxydizing agent mix-

ed in sufficient quantity to secure complete combustion.

IV. Composition I and II with the addition of less powerful ex-

plosives. These last mixtures, class IV, are adapted to blasting mild

rock ; the first class is for blasting hard rock, and the others for mili-

tary purposes.

Gelatinized nitro-glycerine, when properly confined, may be exploded

by means of a common fuse but the explosion is quickened and facili-

tated by using fulminating detonators. When hardened by cold weath-

er gelatinized nitro-glycerine explodes more readily than frozen dyna-

mite, still it is always a good precaution to head the charge with a pri-

mer consisting of a small cartridge of gunpowder, gun cotton, dyna-

mite or uncongealed gelatinized nitro-glycerine.

Gelatinized nitroglycerine to which a considerable portion of gly-

cerylic acetic ether or nitro-benzol or di-nitro-benzol and the like have

been added, not only must be fired by a strong detonator but must be

confined as in a shell to exert its full power.

Captain Piiilip *Hess of the Austrian Engineers has made a series

of most exhaustive experiments upon gum dynamite to which gum
camphor had been added. The gelatine as he used it, contained four

per cent, of camphor and ninety-six per cent, of gum dynamite ; the

gum dynamite being composed of ninety per cent, nitro-glycerine and

ten per cent, soluble nitro-cellulose. This preparation formed a gelat-

inous, elastic, translucent, pale yellow colored mass (Sp. Gr. 1.6. ) of

about the consistency of a very stiff jelly which could be easily in-

dented or cut with a knife, and which did not exude the least trace of

nitro-glycerine when strongly compressed, nor show any greasiness. It

was submitted to a pressure of 15.4 kilo, per cm^ without separating

any nitro-glycerine. Heated up to between 50° and 60° C, it softened

but did not become greasy. When ignited, it burned like dynamite or

dry compressed gun cotton. When pure gum dynamite was heated

slowly, it exploded at 204° C; if heated rapidly, the explosion took

* Uber ein Neues Kriegs Sprengmittel von Filipp Hess, Mittheilungen

Tiber Gegonstande des Artillerie und Genie-Wesens, Wien.
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place at 240° C. When camphor (4 per cent.) was added, the gum
dynamite could be heated to from 300° to 330° C. before it exploded.

According to his experiments gum dynamite containing 4 per cent.

of camphor is 25 per cent, stronger than kieselguhr dynamite No. 1,

weight for weight. If we consider the normal kieselguhr dynamite as

having a Sp. Gr. of 1.4., the gum dynamite is by volume forty per cent,

the stronger. Compared by weight with compressed gun cotton con-

taining 15 per cent, of water, the gum dynamite is 25 per cent,

stronger; if the Sp. Gr. of the cotton be taken at 1.16, the gum dy'

namite is by volume 75 per cent, stronger.

M. Roux in the lecture referred to, exhibited the following appara-

tus which he used for determining the relative force of different explo-

sives.

Method of comparing the force of Dynamite No. 1 with Explosive

Gelatine by the effect produced by the explosion of equal charges of the

two within a block of lead.

The apparatus used is shown in the

Fig. It consists of a block of lead C,

with a leaden cover D, which is held in

place by the heavy weights E E. In the

block C there is a chamber A one centi-

meter in diameter and four centimeters

deep. Two grammes of the explosive to

be tested are placed in this chamber, the

remaining space is filled with water, the

cover and weights are put on and then

the charge is fired by means of the wire

F. The force developed is measured by

measuring the volume of B after the explosion. Experiment has

shown that

The Augmentation of Volume of Chamber

With Dynamite No 1 is 43.55 cm*

With Explosive Gelatine is 61.20 cm^

The Nobel's Explosive Company of Glasgow, report * the following

results from their experiments with explosive gelatine and other explo-

sives. The tests were made in the Company's mortar with the view of

instituting a comparison of the balistic power of" various nitrated com

pounds. The charge of explosive employed in each case, was 10

* From a circular of the Company given to me by Mr. Cuthbert.
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grammes, the weight of the shot was 32 pounds, and the distance it

was thrown is based upon the average of an equal number of shots

fired with the several explosives. The results show that the blasting

gelatine is by far the strongest explosive, for practical purposes, known,
and that No. 1 and No. 2 dynamite are the cheapest explosives in the

market at the present time. The results of the test were as follows.

With Blasting Gelatine the shot was thrown 230.3 links.

" Nitro-Glycerine " " " " 215
" Dynamite No. 1 " " " " 173 "

" Lithofracteur " " " " 151.3 "

*• Cotton Gunpowder" " " " 150.7 "

" Dynamite No. 2 " " " " 118 "

If the balistic power of blasting gelatine is taken as 100, then in

their comparison, weight for weight, the various explosives rank as

follows, viz :

Blasting Gelatine 100. Lithofracteur 65.69.

Nitro-Glycerine 93.36. Cotton Gunpowder 65.43.

Dynamite No. 1 75.11. Dynamite No. 2 51.23.

The Soci^L^ G6n6rale pour la Fabrication de la Dynamite, Paris,

have published a pamphlet* upon Dynamite and the Explosive Gum
from which I gather the following information.

By the method of manufacture employed an intimate mixture of the

nitro-glycerine and the gun cotton is obtained in the form of a gelati-

nous solid. Thus while this substance still belongs to the family of dy-

namites since it has nitro-glycerine for its base, it may yet perhaps be

considered as an entirely new body and as having but little in common
with the numerous compositions which modern science has placed at

the disposal of the industries.

This body whose power surpasses slightly that of pure nitro-glycer-

ine, possesses all the characteristic advantages of dynamite. Ignited

by contact with a burning body it burns up but does not explode ex-

cept under the influence of an initial explosion like that which is usual-

ly produced by means of a fulminating exploder.

Although a recent invention the explosive gum has already been

subjected to trials of its preservative character sufficiently prolonged to

show that there need be no doubt as to its stability. Cartridges pre-

served in contact with the air during more than a year have not shown
the slightest trace of alteration. Preserved in water they have not

* La Dynamite ses Caracteres et ses Effets. Notice sur la Gomme Explo-

sible, Paris, 1878,
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given up the least trace of nitro-glycerine and the substance has not

lost any of its force.

The superior power of the explosive gum is due evidently to the ele-

ments which enter into its composition ; the hydro-carbons and oxygen

are in such proportion that their combustion is more complete than

that of pure nitro glycerine.

The explosive gum tested freely in the air appears to ally itself to

the slowly detonating dynamites and produces effects somewhat more

analogous to those of gun cotton than to those of normal dynamite.

By the plate proof made freely in the air the impression made on the

plate by cartridges of gum dynamite is not as deep as that produced by

a cartridge of the 'same weight of dynamite No. 1. On covering the

cartridge with an obstacle, such as a handful of damp earth for exam-

ple, the explosive gum shows its superiority over dynamite No. 1, al-

though not notably so. But if the charges are partly imprisoned, as

in a testing mortar, the gum shows a great superiority to the dynamite.

Finally if the charges are closely confined as in the blast hole of a

mine with sufiicient tamping the explosive gum exhibits all its power

and surpasses dynamite by 50 per cent.

This peculiarity will probably lead to the frequent use of resisting

receptacles for this new explosive. For certain military purposes, for

example, when it is employed in breaking up or overturning an obsta-

cle by simply placing the charge against this obstacle the explosive

gum should be put in metallic boxes, a measure which is already adopt-

ed in France for the ordinary dynamite and for gun cotton.

Let us examine the influence which the discovery of this new ex-

plosive will exercise upon the operations of industry aud of war.

In the industries the explosive gum will advantageously displace

dynamite in those cases where it is obviously advantageous to employ

the most powerful explosive, as, for example, in attacking the fronts of

galleries in the granitic schists, and at all times where it is economical

to advance rapidly by diminishing the necessary number of blast holes

and the labor required for the work. Such is again the case in sub-

marine blasting, where the difficulties in placing the charges, the in-

cidental costs, the employment, so onerous, of divers etc., makes it

• important to diminish as much as possible the number of blasts, and

consequently to have recourse to the most energetic means.

But where the success of the gum dynamite appears above all to be

assured is for military purposes for which we can say, that, up to the

present time, there has been no wholly suitable explosive. The ordi-
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nary dynamites while sufficiently stable for use in the industries, where

they can be carefully looked after, do not completely meet the require-

ments of the army and navy. A substance formed by simply mixing

mechanically nitroglycerine and its absorbents cannot be exposed,

without a certain apprehension, to the vicissitudes, so variable and

sometimes so dangerous, incident to a campaign on land and sea.

These considerations have led to compressed gun cotton being some-

times preferred since it does not present the same inconveniences and
has above all the advantage of not freezing; but the doubts which

some have always had as to the chemical stability of pyroxylin pre-

vent its being supplied except in the moist state. And "here new dif-

ficulties arise. How can we be assured of the degree of moistness of

all parts of the supply during a long storage ; and how may we pro-

cure rapidly and without danger under all circumstances the dry cot-

ton which is necessary for detonating the moist cotton? Finally the

relative sensitiveness of the ordinary dynamites and of cotton powder

will not permit of their use in charging shells, especially for large

marine ordnance.

The imperfections of the explosives intended for military purposes is

demonstrated by the indecision which has existed up to the present day,

in the different armies and the different countries, as to which was the

most suitable substance to adopt for the end proposed. Not content

with bringing forward compressed gun cotton and dynamite they have

been led to try the picrate mixtures and in default of any single ex-

plosive which will answer under all circumstances, each service seeks

a substance which cau at least meet its needs within a certain limit.

It may appear premature to say to-day that gum dynamite has solved

the problem of the true military explosive, however everything leads to

this presumption. To have the greatest possible force, together with

the smallest volume and with the least weight is the first element of

this problem. This is undoubtedly resolved.

The chemical stability cannot be doubted by those who recognize

this quality in nitro-glycerine. Tlie experience of more than a dozen

years is conclusive. Besides the new material may be preserved in

water and need not be taken out until at the moment when it is to be
used, and hence it cannot offer any practical difficulty from this point

of view. Its mechanical stability follows from its process of manufac-
ture. We are convinced that it can be obtained in a definite state.

The new explosive is gifted with a relative insensibility which is of

the greatest importance for military uses. Cartridges of dynamite or of
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giin cotton exploded in the neighborhood of a charge of gum dynamite,

under such conditions that other cartridges of dynamite or of gun

cotton would certainly have detonated, produced no effect on it.*

Hessf found that while a kilogram of the gum dynamite containing 4

per cent, of camphor exploded in air within 25 cms. of another kilogram

of the same did not affect the second mass, the explosion of a kilogram

of ordinary dynamite caused the explosion of a second mass of this

dynamite placed 35 cm. from the first.

By mixing camphor with gum dynamite its insensibility may be aug-

mented at will. Whilst dynamite and cotton powder are exploded at

great distances by the impact of a ball from a gun the explosive gum,

rendered insensitive by this j)rocess, resists the impact of a ball from a

rifle fired at 25 metres. Experiments have established this decisively.|

The power to put into the hands of the combatants, Avithout serious

danger to them, a destructive engine of such great power ought to have

a considerable influence upon the future of military operations.

Should subsequent experiments show, what is highly probable, that we

can charge large shells with this new explosive it will lead to the cast-

ing aside of the armors of our vessels.

* Experiments made in Denmark showed that a dynamite torpedo of

150 lbs. exploded in 10 ft. of water exploded other charges, by communi-

cated vibrations, at 300 ft. distance. Nature, Nov. 15, 1877.

t Loc. cit.

t Hess, page 20.
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Lt. Commander Brown. I would like to ask if any experiments

have been made with a view to firing by electricity, and also if experi-

ments have been made with shells loaded with gum dynamite?

Prof. Munroe. I do not know of any experiments having been

made with loaded shells, but experiments have been made in firing by

electricty. It may be fired in this way by the use of a detonating ex-

ploder.

Lt. Soley. I noticed that the test of the eprouvette is in general

use for testing the strength of the explosives. This is the same test

that was formerly used for testing gunpowder. If these explosives can

be used in the eprouvette I should think that their action could be so

controlled that they might be used in a gun.

Prof. Munroe. I do not feel fully equal to discussing this ques-

tion, as it is not within my province yet I will say that I do not think

it probable that the nitro glycerine explosives will be used for this pur-

pose. When they detonate the motion of their molecules is so rapidly

imparted to the different parts of the chamber that the projectile, as a

mass, does not have time to move from its seat before the molecules

of which it and the gun are foi-med have been set in motion and rupt-

ured. Nothing can withstand this effect. For a very clear and in-

teresting exposition of this subject I would refer you to an article by
Prof. J. P. Cooke in the Popular Science Monthly on The Air as an

Anvil.

Commander Sampson. This subject is a most important one in

all its phases, and worthy of attentive study by all ofiicers. The prob-

lem of the application of gum dynamite or other chemical agents to

ordnance purposes is one whose solution would be of great benefit.

One curious fact is wortliy of notice and that is that the energy of the

gum dynamite is greater than that of the nitro glycerine or the gun
cotton of which it is made. How is this explained ?

Prof. Munroe. In my lecture before the Institute on the *Con-

ditions which Promote Explosions, I showed that when nitro glycer-

ine exploded oxygen or oxides of nitrogen were found in the products

and that when gun cotton was exploded that carbon protoxide was

found in the products, thus showing incomplete combustion of the car-

* Vol. 4, p. 21.
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bon. There are believed to be three different gun cottons correspond-

ing to the three nitro glycerines. The gun cotton containing the three

atoms of nitryl (N O^) is the explosive gun cotton. The two lower ones

are believed to exist in the collodion cotton, and hence when they are

ignited the carbon in them would be still less completely burned than

in the ordinary gun cotton. Now it seems to me probable that when

we mix a small percentage of this with nitro glycerine that we have even

more complete a combustion than we have with pure nitro glycerine

and consequently more heat is developed and a large volume of gas

obtained. This would give a greater energy. It may be that the gum
dynamite is not a simple mixture and that the whole detonates simul-

taneously. While speaking of this subject I would like to call your

attention to the fact that this substance was all but discovered some

years ago. At that time Prof. Abel proposed the manufacture of an

explosive called glyoxylin which was made by absorbing nitro glycerine

with the explosive insoluble gun cotton. Had he but used the soluble

gun cotton he would have discovered the gum dynamite.

Commander Mahan. How much stronger is this than gunpowder ?

Prof. Munroe. The experiments cited show it to be about seven

per cent, stronger than pure nitro glycerine and nitro glycerine when
fired by detonation is over ten times as powerful as the same weight

of gunpowder when fired by ignition.

It was moved and adopted that the thanks of the meeting be extend-

ed to Prof. Munroe.
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Although the Nautical Almanacs of the world, at the present time,

are of comparatively recent origin, they have grown from small begin-

nings, the tracing of which is not unlike that of the origin of species

by the naturalist of the present day. Notwithstanding its familiar

name it has always been designed rather for astronomical than for nau-

tical purposes. Such a publication would have been of no use to the

navigator before he had instruments with which to measure the alti-

tudes of the heavenly bodies. The earlier navigators seldom ventured

out of sight of land, and, during the night they are said to have steer-

ed by the " Cynosure" or constellation of the Great Bear, a practice

which has brought the name of the contsellation into our language of

the present day to designate an object on which all eyes are intently

fixed. This constellation was a little nearer the pole in former ages

than at the present time ; still its distance was always so great that its

use, as a mark of the northern point of the horizon, does not inspire us

with great respect for the accuracy with which the ancient navigators

sought to shape their course.

The Nautical Almanac of the present day had its origin in the As-

tronomical Ephemerides called forth by the needs of predictions of ce-

lestial motions both on the part of the astronomer and the citizen.

So long as astrology had a firm hold on the minds of men, the posi-

tions of the planets were looked to with great interest. The theories

of Ptolemy, although founded on a radically false system, neverthe-
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less sufficed to predict the position of the sun, moon and planets with

all the accuracy necessary for the purposes of the daily life of the an-

cients or the sentences of their astrologers. Indeed, if his tables

were carried down to the present time, the positions of the heavenly

bodies would be so few degrees in error that their recognition

would be very easy. The times of most of the eclipses would be pre-

dicted within a few hours, and the conj,unctions of the planets within

a few days. Thus it was possible for the astronomers of the middle

ages to prepare for their own use, and that of the people, certain rude

predictions respecting the courses of the sun and moon and the aspect

of the heavens, which served the purpose of daily life and perhaps les-

sened the. confusion arising from their complicated calendars. In the

signs of the zodiac and tlie different effects which follow from the sun
and moon passing from sign to sign, still found in our farmers' alman-
acs, we have the dying traces of these ancient epheraerides.

The great Kepler was obliged to pi-int an astrological almanac in

virtue of his position as astronomer of the court of the King of Aus-

tria, But notwithstanding the popular belief that astronomy had its

origin in astrology the astronomical writings of all ages seem to show
that the astronomers proper never had any belief in astrology. To
Kepler himself the necessity for preparing this almanac was a humilia-

tion to which he submitted only through the pressure of poverty. Sub-

sequent ephemerides were prepared with more practical objects. They
gave the longitudes of the planets, the position of the siln, the time of

rising and setting, the prediction of eclipses etc.

They have, of course, gradually increased in accuracy as the tables

of the celestial motions were improved from time to time. At first

they were not regular, annual publications, issued by governments, as

at the present time, but the works of individual astronomers who is-

sued their ephemerides for several years in advance, at irregular inter-

vals. One man might issue one, two or half a dozen such volumes, as

a private work, for the benefit of his fellows and each might cover

as many years as he thought proper.

The first publication of this sort, which I have in my possession, is

the Ephemerides of Manfredi, of Bonn, computed for the years 1715

to 1725, in two volumes.

Of the regular annual ephemerides the earliest, so far as I am aware,

is the " Connaissance des Temps" or French Nautical Almanac. The
first issue was in the year 1679, by Picard, and it has been continued

without interruption to the present time. Its early numbers were, of
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course, very small, and meagre in tlieir details. They were issued bj

the astronomers of the French Academy of Science, under the com-

bined auspices of the Academy and the Government. They included

not merely predictions from the tables but also astronomical observa-

tions made at the Paris Observatory or elsewhere. When the Bureau

of longitudes was created in 1795, the preparation of the work was

entrusted to it and has remained in its charge until the present time.

As it is the oldest, so, in respect at least to number of pages, it is the

largest ephemeris of the present time. The astronomical portion of

the volume for 1879 fills more than seven hundred pages, while the ta-

ble of Geographical positions, which has always been a feature of the

work, contains nearly 100 pages more.

The first issue of the British Nautical Almanac was that for the

year 1767 and appeared in 1766. It differs from the French Alma-

nac in owing its origin entirely to the needs of navigation. The Brit-

ish nation, as the leading maritime power of the world, was naturally

interested in the discovery of a method by which the longitude could

be found at sea. As most of my hearers are probably aware, there'

was, for many years, a standing offer by the British Government, of

ten thousand pounds for the discovery of a practical and sufficiently

accurate method of attaining this object. If I am rightly informed,

the requirement was that a ship should be able to determine the

Greenwich time within two minutes, after being six months at sea.

When the office of Astronomer Royal was established in 1765, the

duty of the incumbent was declared to be " to apply himself with the

most exact care and diligence to the rectifying the Tables of the Mo-
tions of the Heavens, and the places of the Fixed Stars in order to

find out the so much desired Longitude at Sea for the perfecting the

Art of Navigation."

About the middle of the last century the lunar tables were so far im-

proved, that Dr. Maskelyne considered them available for attaining

this long wished for object. The method which I think was then, for

the first time, proposed was the now familiar one of lunar distances.

Several trials of the method were made by accomplished gentlemen

who considered that nothing was wanting to make it practical at sea

but a Nautical Ephemeris. The tables of the moon, necess&,ry for the

purpose, were prepared by Tobias Mayer of Gottingen, and the regu-

lar annual issue of the work was commenced in 1766, as already sta-

ted. Of the reward which had been offered three thousand pounds

were paid to the widow of Mayer and three thousand pounds to the
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celebrated mathematician Euler for having prepared the theoreraa

used by Mayer in the construction of his tables. The issue of the

Nautical Ephemeris was entrusted to Dr. Maskelyne. Like other pub-

lications of this sort this ephemeris has gradually increased in extent.

During the first 60 or 70 years the data were extremely meagre, in-

cluding only such as were considered necessary for the determination

of positions.

In 1830 the subject of improving the Nautical Almanac was referred

by the Lord Commissioners of the Admiralty to a committee of the

Astronomical Society of London. A sub-committee, including eleven

of the most distinguished astronomers and one scientific navigator

made an exhaustive report recommending a radical re-arrangement

and improvement of the work. The recommendations of this commit-

tee were first carried into effect in the Nautical Almanac for the year

1834. The arrangement of the Navigator's Ephemeris then devised

has been continued in the British Almanac to the present time.

A good deal of matter has been added to the British Almanac dur-

ing the forty years and upwards which have elapsed, but it has been

gotten in rather by usiug smaller type and closer printing than by

increasing the number of pages. The almanac for 1834 contains five

hundred and seventeen pages and that for 1880 five hundred and nine-

teen pages. The general aspect of the page is now somewhat crowded,

yet, considering the quantity of figures on each page the arrangement

is marvelously clear and legible.

The Spanish Almanaque Nautico has been issued since the begin-

ning of the century. Like its fellows it has been gradually enlarged

and improved, in recent times, and is now of about the same number

of pages with the British and American almanacs. As a rule there is

less matter on a page, so that the data actually given are not so com-

plete as in some other publications.

In Germany two distinct publications of this class are issued, the one

purely astronomical, the other purely nautical.

The astronomical publication has been issued for more than a cen-

tury under the title of ^'Berliner Astronomisches Jahrbiich." It is in-

tended principally for the theoretical astronomer, and in respect to

matter necessary to the determinations of positions on the earth it is

rather meagre. It is issued by the Berlin Observatory, at the expense

of the government.

The companion of this work, intended for the use of the German
marine, is the " Nautisches Jahrbuch," prepared and issued under the



37

direction of the minister of commerce and public works. It ia copied

largely from the British Nautical Almanac, and in respect to arrange-

ment and data is similar to our American Nautical Almanac, prepared

for the use of navigators, giving, however, more matter, but in a leas

convenient form. The right ascension and declination of the moon

are given for every three hours instead of for every hour ; one page of

each month is devoted to eclipses of Jupiter's satellites, phenomena

which we never consider necessary in the nautical portion of our own

almanac. At the end of the work the apparent positions of seventy or

eighty of the brightest stars are given for every ten days, while it is con-

sidered that our own navigators will be satisfied with the mean places

for the beginning of the year. At the end is a collection of tables

which I doubt whether any other than a German navigator would ever

use. Whether they use them or not I am not prepared to say.

The preceding are the principal astronomical and nautical ephemer-

ides of the world, but there are a number of minor publications, of the

same class, of which I cannot pretend to give a complete list. Among
them is the Portuguese Astronomical Ephemeris for the meridian of

the University of Coimbra, prepared for Portuguese navigators. I do

not know whether the Portuguese navigators really reckon their lon-

gitudes from this point: if they do the practice must be attended with

more or less confusion. All the matter is given by months, as in the

solar and lunar ephemeris of our own and the British Almanac. For

the sun we have its longitude, right ascension and declination, all ex-

pressed in arc and not in time. The equation of time and the side-

real time of mean noon complete the ephemeris proper. The positions

of the principal planets are given in no case oftener than for every

third day. The longitude and latitude of the moon are given for noon

and midnight. One feature not found in any other almanac is the

time at which the moon enters each of the signs of the zodiac. It may
be supposed that this information is designed rather for the benefit of

the Portuguese landsman than of the navigator. The right ascensions

and declinations of the moon and the lunar distances are also given

for intervals of twelve hours. Only the last page gives the eclipses of

the satellites of Jupiter. The Fixed Stars are wholly omitted.

An old ephemeris, and one well known in astronomy, is that pub-

lished by the Observatory of Milan, Italy, which has lately entered

upon the second century of its existence. Its data are extremely

meagre and of no interest whatever to the navigator. The greater part

of the volume is taken up with observations at the Milan Observatory.
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Since taking charge of the American Ephemeris I have endeavored

to ascertain what nautical almanacs are actually used by the princi-

pal maritime nations of Europe. I have been able to obtain none ex-

cept those above mentioned. As a general rule I think the British

Nautical Almanac is used by all the northern nations, as already in-

dicated. The German Nautical Jahrhuch is principally a reprint

from the British. The Swedish navigators, being all well acquainted

with the English language, use the British Almanac without change.

The Russian Government however prints an explanation of the various

terms in the language of their own people and binds it in at the end

of the British Almanac. This explanation includes translations of the

principal terms used in the heading of pages, such as the names of the

months and days, the different planets, constellations and fixed stars

and the phenomena of angle and time. They have even an index of

their own in which the titles of the different articles are given in Rus-

sian. This explanation occupies, in all, seventy-live pages—more than

double that taken up by the original explanation.

One of the first considerations which strikes us in comparing these

multitudinous publications, is the confusion which must arise from the

use of so many meridians. If each of these southern nations, the

Spanish and Portuguese for instance, actually use a meridian of their

own, the practice must lead to great confusion. If their navigators

do not do so, but refer their longitudes to the meridian of Greenwich,

then their almanacs must be as good as useless. They would find it

far better to buy an ephemeris referred to the meridian of Greenwich

than to attempt to use their own. The northern nations, I think, have

all begun to refer to the meridian of Greenwich, and the same thing

is happily true of our own marine. We may, therefore, hope that all

commercial nations will, before long, refer their longitudes to one and

the same meridiau, and the resulting confusion be thus avoided.

The preparation of the American Ephemeris and Nautical Alma-

nac was commenced in 1849, under the superintendence of the late

Rear Admiral, then Lieutenant Davis. The first volume, as you are

all probably aware, was that for the year 1855. Both in the prepara-

tion of that work and in the connected work of mapping the country, the

question of the meridians to be adopted was one of the first importance,

and received great attention from Admiral Davis, who made an able

report on the subject. Our situation was, in some respects, peculiar,

owing to the great distance which separated us from Europe, and the

uncertainty of the exact difference of longitude between the two con-
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tinents. It was hardly practicable to refer longitudes in our own coun-

try to any European meridian. The attempt to do so would involve

.continual changes as the trans-Atlantic longitude was from time to

time corrected. On the other hand, in order to avoid confusion in

navigation, it was essential that our navigators should continue to

reckon from the meridian of Greenwich. The trouble arising from

uncertainty of the exact longitude does not affect the navigator, be-

cause, for his purpose, astronomical precision is not necessary.

The wisest solution was probably that embodied in the Act of Con-

gress, approved September 28th, 1850, on the recommendation of

Lieut. Davis, if I mistake not. " The meridian of the Observatory at

Washington shall be adopted and used as the American meridian for

all astronomical purposes, and the meridian of Greenwich shall be

adopted for all nautical purposes." The execution of this law neces-

sarily involves the question '• What shall be considered astronomical

and what nautical purposes? " Whether it was from the difficulty of

deciding this question, or from nobody's remembering the law, the lat-

ter has been practically a dead letter. Surely, if there is any region

of the globe which the law intended should be referred to the meridian

of Washington, it is the interior of our own country, yet, notwithstand-

ing the law, all acts of Congress relating to the territories have, so far

as I know, referred everything to the meridian of Greenwich and not

to that of Washington. Even the maps issued by our various surveys

are referred to the same trans-Atlantic meridian. The absurdity cul-

minated in a local map of the City of Washington and the District of

Columbia, issued by private parties, in 1861, in which we find even

the meridians passing through the City of Washington referred to a

supposed Greenwich.

This practice has led to a confusion which may not be evident at

first sight, but which is so great and permanent that it may be worth

explaining. If, indeed, we could actually refer all our longitudes to

an accurate meridian of Greenwich in the first place; if, for instance,

any western region could be at once connected by telegraph with the

Greenwich Observatory, and thus exchange longitude signals, night

after night, no trouble or confusion would arise from referring to the

meridian of Greenwich. But this, practically, cannot be done. All

our interior longitudes have been and are determined differentially by

comparison with some point in this country. One of the most frequent

points of reference used this way has been the Cambridge Observatory.

Suppose then a surveyor at Omaha makes a telegraphic longitude de-
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termination between that point and the Cambridge Observatory.

Since he wants his longitude reduced to Greenwich, he finds some sup-

posed longitude of the Cambridge Observatory from Greenwich and

adds that to his own longitude. Thus what he gives is a longitude act-

ually determined, plus an assumed longitude of Cambridge, and unless

the assumed longitude of Cambridge is distinctly marked on his maps,

we may not know what it is.

After a while a second party determines the longitude of Ogden

from Cambridge. In the mean time, the longitude of Cambridge from

Greenwich has been corrected, and we have a longitude of Ogden

which will be discordant with that of Omaha, owing to the change in

the longitude of Cambridge. A third party determines the longitudes

of, let us suppose, St. Louis from Washington, he adds the assumed

longitudes of Washington from Greenwich what may not agree with

either of the longitudes of Cambridge and gets his longitude. Thus

we have a series of results for our western longitude all nominally re-

ferred to the meridian of Greenwich, but actually referred to a con-

fused collection of meridians, nobody knows Avhat. If the law had

only provided that the longitude of Washington from Greenwich

should be invariably fixed at a certain quantity say 77° 3' this con-

fusion would not have arisen. It is true that the longitude thus estab-

lished by law might not have been perfectly correct, but this would

not cause any trouble nor confusion. Our longitude would have

been simply referred to a certain assumed Greenwich, the small error

of which would have been of no importance to the navigator or

astronomer. It would have differed from the present system only in

that the assumed Greenwich would have been invariable instead of

dancing about from time to time as it has done under the present

system. You understand that when the astronomer, in computing an

interior longitude, supposes that of Cambridge from Greenwich to be a

certain definite amount, say 4'' 44™ 30," what he actually does is to

count from a meridian just that far east of Cambridge. When he

changes the assumed longitude of Cambridge he counts from a meridian

further east or further west of his former one: in other words he al-

ways counts from an assumed Greenwich, which changes its position

from, time to time, relative to our own country.

Having two meridians to look after, the form of the American

ephemeris, to be best adapted to the wants both of navigators and

astronomers, was necessarily peculiar. Had our navigators referred

their longitudes to any meridian of our own country the arrangement
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of the work need not have differed materially from that of foreign

ones. But being referred to a meridian far outside our limits and at

the same time designed for use within those limits, it was necessary to

make a division of the matter. Accordingly the American Ephemeris

has always been divided into two parts ; the first for the use of navi-

gators, referred to the meridian of Greenwich, the second for that of

astronomers, referred to the meridian of Washington. The division of

the matter without serious duplication is more easy than might at

first be imagined. In explaining it, I will take the ephemeris as it

now is, with the small changes which have been made from time to time.

One of the purposes of any ephemeris, and especially of that of the

navigators, is to give the position of the heavenly bodies at equi-

distant intervals of time, usually one day. Since it is noon at some

point of the earth all the time, it follows that such au ephemeris will

always be referred to noon at some meridian. AVhat meridian this

shall be is purely a practical question, to be determined by convenience

and custom. Greenwich noon, being that necessarily used by the nav-

igator, is adopted as the standard, but we must not conclude that the

ephemeris for Greenwich noon is referred to the meridian of Greenwich

in the sense that we refer a longitude to that meridian. Greenwich

noon is 18'' 51"" 48', Washington mean time ; so the ephemeris which

gives data for every Greenwich noon may be considered as referred to

the meridian of Washington giving the data for IT"" 51" 48% Washing-

ton time, every day. The rule adopted therefore is to have all the

ephemerides which refer to absolute time, without any reference to a

meridian, given for Greenwich noon, unless there may be some special

reason to the contrary. For the needs of the navigator and the theo-

retical astronomer these are the most convenient epochs.

Another part of the ephemeris gives the position of the heavenly

bodies, not at equi-distaut intervals, but at transit over some meridian.

For this purpose the meridian of Washington is chosen for obvious

reasons. The astronomical part of our ephemeris therefore gives the

positions of the principal fixed stars, the sun, moon, and all the larger

planets at the moment of transit over our own meridian.

The third class of data in the ephemeris comprises phenomena to be

predicted and observed. Such are eclipses of the sun and moon, oc-

cultations of fixed stars by the moon, and eclipses of Jupiter's satellites.

These phenomena are all given in Washington mean time as being

most convenient for observers in our own country. There is a partial

exception however in the case of eclipses of the sun and moon. The
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former are rather for the world in general than for our own country,

and it was found difficult to arrange them to be referred to the meridian

of Washington without having the maps referred to the same meridian.

Since, however, the meridian of Greenwich is most convenient outside

of our own territory, and since but a small portion of the eclipses are

visible within it, it is much the best to have the eclipses referred en-

tirely to the meridian of Greenwich. I am the more ready to adopt

this change because when the eclipses are to be computed for our own
country the change of meridians will be very readily understood by

those who make the computation.

It may be interesting to say something of the tables and theories

from which the astronomical ephemerides are computed. To under-

stand them completely it is necessary to trace them to their origin.

The problem of calculating the motions of the heavenly bodies and the

changes in the aspect of the celestial sphere was one of the first with

which the students of astronomy were occupied. Indeed, in ancient

times, the only astronomical problems which could be attacked were of

this class, for the simple reason that without the telescope and other

instruments of research it was impossible to form any idea of the physi-

cal constitution of the heavenly bodies. To the ancients the stars and

planets were simply points or surfaces in motion. They might have

guessed that they were globes like that on which we live but they

were unable to form any theory of the nature of these globes. Thus, in

the Almagest of Ptolemy, the most complete treatise on the ancient

astronomy which we possess, we find the motions of all the heavenly

bodies carefully investigated and tables given for the convenient com-

putation of their positions. Crude and imperfect though these tables

may be they were the beginnings from which those now in use have

arisen.

No radical change was made in the general principles on which

these theories and tables were constructed until the true system of the

world was propounded by Copernicus. On this system the apparent

motion of each planet in the epicycle was represented by a motion of

the earth around the sun, and the problem of correcting the position of

the planet on account of the epicycle was reduced to finding its geocen-

tric from its heliocentric position. This was the greatest step ever ta-

ken in theoretical astronomy, yet it was but a single step. So far as

the materials were concerned and the mode of representing the plan-

etary motions, no other radical advance was made by Copernicus. In-

deed it is remarkable that he introduced an epicycle which was not
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considered necessary by Ptolemy in order to represent the inequalities

in the motions of the planets around the sun.

The next great advance made in the theory of the planetary motion

was the discovery by Kepler of the celebrated laws which bear his name.

When it was established that each planet moved in an ellipse having

the sun in one focus it became possible to form tables of the motions

of the heavenly bodies much more accurate than had before been

known. Such tables were published by Kepler in 1632, under the

name of Rudolphiau tables, iu memory of hiS patron, the emperor Ru-

dolph. But the laws of Kepler took no account of the action of the

planets on each other. It is well known that if each planet moved

only under the influence of the gravitating force of the sun its motion

would accord rigorously with the laws of Kepler, and the problems of

theoretical astronomy would be greatly simplified. AVhen therefore

the results of Kepler's laws were compared with aucient and modern

observations it was found that they were not exactly represented by

the theory. It was evident that the elliptic orbits of the planets were

subject to change, but it was entirely beyond the power of investiga-

tion, at that time, to assign any cause for such changes. Notwithstand-

ing the simplicity of the causes which we now know to produce them,

they are in form extremely complex. Without the knowledge of the

theory of gravitation it would be entirely out of the question to form

any tables of the planetary motions which would at all satisfy our

modern astronomers.

When the theory of universal gravitation was propounded by New-

ton he showed that a planet subjected only to ihe gravitation of a cen-

tral body, like the sun, would move in exact accordance with Kepler's

laws. But by his theory the planets must attract each other and these

attractions must cause the motions of each to deviate slightly from the

laws in question. Since such deviations were actually observed it was

very natural to conclude that they were due to this cause, but how
shall we prove it ? To do this with all the rigor required in a math-

ematical investigation it is necessary to calculate the effect of the mu-

tual action of the planets in changing their orbits. This calculation

must be made with such precision that there shall be no doubt respect-

ing the results of the theory. Then its results must be compared with

the best observations. If the slightest outstanding difference is estab-

lished there is something wrong and the requirements of astronomical

science are not satisfied. The complete solution of this problem was

entirely beyond the power of Newton. When his methods of research
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were used he was indeed able to show that the mutual action of the

planets would produce deviations in their motions of the same general

nature with thosb observed, but he was not able to calculate these de-

viations with numerical exactness. His most successful attempt in

this direction was perhaps made in the case of the moon. He showed

that the sun's disturbing force on this body would produce sevei-al in-

equalities the existence of which had been established by observation,

and he was also able to give a rough estimate of their amount, but this

was as far as his method could go. A great improvement had to be

made, and this was effected not by English but by continental math-

ematicians.

The latter saw clearly that it was impossible to effect the required

solution by the geometrical mode of reasoning employed by Newton.

The problem, as it presented itself to their minds, was to find algebra-

ic expressions for the positions of the planets at any time. The lati-

tude, longitude and radius vector of each planet are constantly vary-

ing, but they each have a determined value at each moment of time.

They may therefore be regarded as functions of the time, and the prob-

lem was to express these functions by algebraic forraulse. These alge-

braic expressions would contain, besides the time, the elements of the

planetary orbits to be derived from observation. The time which we
may suppose to be represented algebraically by the symbol t, would
remain as an unknown quantity to the end. What the mathematician

sought to do was to present the astronomer with a series of algebraic

expressions containing t as an indeterminate quantity, and so, by sim-

ply substituting for t any year and fraction of a year whatever, 1600,

1700, 1800, for example, the result would give the latitude, longitude

or radius vector of a planet.

The problem as thus presented was one of the most difficult we can

conceive of, but the difficulty was only an incentive to attacking it

with all the greater energy. So long as the motion was supposed pure-

ly elliptical, so long as the action of the planets was neglected, the

problem was a simple one, requiring for its solution only the analyt-

ic geometry of the ellipse. The real difficulties commenced when the

mutual action of the planets was taken into account. It is, of course,

out of the question to give any technical description or analysis of the

processes which have been invented for solving the problem ; but a brief

historical sketch may not be out of place. A complete and rigorous

solution of the problem is out of the question, that is, it is impossible by

any known method, to form an algebraic expression for the co-ordinates



45

of a planet which shall be absolutely exa-^t in a mathematical sense

In whatever way we go to work the expression comes out in the form

of an infinite series of terms, each term being, on tlie whole, a little

smaller as we increase the number. So, by increasing the number of

these various terms, we can approach nearer and nearer to a mathe-

matical exactness, but can never reach it. The mathematician and

astronomer have to be satisfied when they have carried the solution so

far that the neglected quantities are entirely beyond the powers of ob-

servation.

Mathematicians have worked upon the problem in its various phases

for nearly two centuries, and many improvements in detail have, from

time to time, been made, but no general method, applicable to all cases,

has been devised. One plan is to be used in treating tlie motion of the

moon, another for the interior planets, another for Jupiter and Saturn,

another for the minor planets, and so on. Under these circumstances

it will not surprise you to learn that our tables of the celestial motions

do not, in general, correspond in accuracy to the present state of prac-

tical astronomy. There is no authority and no office in the world

whose duty it is to look after the preparation of the formulae I have

described. The work of computing them has been almost entirely left

to individual mathematicians whose taste lay in that direction, and

who have sometimes devoted the greater part of their lives to calcula-

tions on a single part of the work. As a striking instance of this,

the last great work on the " Motion of the Moon," that of Delaunay,

of Paris, involved some fifteen years of continuous hard labor.

Hansen, of Germany, who died five years ago, devoted almost his

whole life to investigations of this class and to the development of new
methods of computation. His tables of the moon are those now used

for predicting the places of the moon in all the ephemerides of the

world.

The only successful attempt to prepare systematic tables for all the

large planets is that completed by Le Verrier, just before his death
;

but he used only a small fraction of the material at his disposal, and

did not employ the modern methods, confining himself wholly to those

invented by his countrymen about the beginning of the present cen-

tury. For him Jacobi and Hansen had lived in vain.

The great difficulty which besets the subject arises from the fact

that mathematical processes alone will not give us the position of a

planet, there being seven unknown quantities for each planet which

must be determined by observations. A planet, for instance, may
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move in any ellipse whatever, having the sun in one focus, and it is

impossible to tell what ellipse it is, except from observation. The

mean motion of a planet, or its period of revolution, can only be deter-

mined by a long series of observations, greater accuracy being obtained

the longer the observations are continued. Before the time of Brad-

ley, who commenced work at the Greenwich Observatory about 1750,

the observations were so far from accurate that they are now of no

use whatever unless in exceptional cases. Even Bradley's observa-

tions are in many cases far less accurate than those made now. In

consequence, we have not heretofore had a sufficiently extended series

of observations to form an entirely satisfactory theoxy of the celestial

motions.

As a consequence of the several difficulties and drawbacks when the

computation of our ephemeris was started, in the year 1849, there were

no tables which could be regarded as really satisfactory in use. In

the British Nautical Almanac the places of the moon were derived

from the tables of Burckhardt published in the year 1812. You will

understand, in a case like this, no observations subsequent to the issue

of the tables are made use of; the place of the moon of any day, hour

and minute of Greenwich time, mean time, was precisely what Burck-

hardt would have computed nearly a half a century before. Of the

tables of the larger planets the latest were those of Bouvard, pub-

lished in 1821, while the places of Venus were from tables published by

Lindenau in 1810. Of course such tables did not possess astronomi-

cal accuracy. At that time, in the case of the moon, completely new

tables were constructed from the results reached by Professor Airy in

his reduction of the Greenwich observations of the moon from 1750 to

1830. These were constructed under the direction of Prof Pierce and

represented the places of the moon with far greater accuracy than the

older tables of Burckhardt. For the larger planets corrections were

applied to the older tables to make them more nearly represent obser-

vations before new ones were constructed. These corrections however

have not proved satisfactory, not being founded on sufficiently thor-

ough investigations. Indeed, the operation of correcting tables by ob-

servation, as we would correct the dead reckoning of a ship, is a make-

shift, the result of which must always be somewhat uncertain, and it

tends to destroy that unity which is an essential element of the astro-

nomical ephemeris designed for permanent future use. The result of

introducing them, while no doubt an improvement on the old tables,

has not been all that should be desired. The general lack of unity
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in the tables hitherto employed is such that I can only state what has

been done by nieutioniug each planet in detail.

For Mercury new tables were constructed by Prof. Winlock, from

formulae published by Le Verrier, in 1846. These tables have, how-

ever, been diviating from the true motion of the planet, owing to the-

motion of the perhelion of Mercury subsequently discovered by Le Ver-

rier himself. They are now much less accurate than the newer tables

published by Le Verrier ten years later.

Of Venus new tables were constructed by Mr. Hill, in 1872. They

are more accurate than any others, being founded on later data than

those of Le Verrier, and are therefore satisfactory so far as accuracy

of prediction is concerned.

The places of Mars, Jupiter and Saturn are still computed from the

old tables, with certain necessary corrections to make them better

represent observations.

The places of Uranus and Neptune are derived from new tables

which will probably be sufficiently accurate for some time to come.

For the moon Pierce's tables have been employed up to the year

1882 inclusive. Commencing with the ephemeris for the years 1883

Hansen's tables are introduced with corrections to the mean longitude

founded on two centuries of observation.

With so great a lack of uniformity, and in the absence of any exist-

ing tables which have any other element of unity than that of being

the work of the same authors it is extremely desirable that we should

be able to compute astronomical ephemerides from a single uniform

and consistent set of astronomical data. I hope, in the course of years,

to render this possible.

When our ephemeris was first commenced, the corrections applied

to existing tables rendered it more accurate than any other. Since

that time, the introduction into foreign ephemerides of the improved

tables of Le Verrier have rendered them, on the whole, rather more

accurate than our own. In one direction, however, our epliemeris will

hereafter be far ahead of all others. I mean in its positions of the fixed

stars. This portion of it is of particular importance to us, owing to

the extent to which our Government is engaged in the determination

of positions on this continent, and especially in our western territories.

Although the places of the stars are determined far more easily than

those of the planets, the discussion of star positions has been in al-

most as backward a state as planetary positions. The errors of old

observers have crept in and been continued through two generations
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of astronomers. A systematic attempt has been made to correct the

places of the stars for all systematic errors of this kind, and the work

of preparing a catalogue of stars which shall be completely adapted to

the determination of time and longitude, both in the fixed observatory '

and in the field, is now approaching completion. The catalogue cannot

be sufficiently complete to give places of the stars for determining the

latitude by the zenith telescope, because for such a purpose a much
greater number of stars is necessary than can be incorporated in the

ephemeris.

From what I have said, it will be seen that the astronomical tables,

in general, do not satisfy the scientific condition of completely repre-

senting observations to the last degree of accuracy. Few, I think,

have an idea how unsystematically work of this kind has hitherto been

performed. Until very lately the tables we have possessed have been

the work of one man here, another there, and another one somewhere

else, each using different methods and different data. The result of

this is that there is nothing uniform and systematic amongst them and

that they have every range of precision. This is no doubt due in part

to the fact that the construction of such tables, founded on the mass

of observation hitherto made, is entirely beyond the power of any one

man. What is wanted is a number of men of different degrees of ca-

pacity, all co-operating on a uniform system, so as to obtain a uniform

result, like the astronomers in a large observatory. The Greenwich

observatory presents an example of co-operative work of this class

extending over more than a century. But it has never extended its

operations far outside the field of observation, reduction and compari-

son with existing tables. It shows clearly, from time to time, the

errors of the tables used in the British Nautical Almanac, but does

nothing further, occasional investigations excepted, in the way of sup-

plying new tables. An exception to this is a great work on the theory

of the moon's motion, in which Professor Airy is now engaged.

It will be understood that several distinct conditions not yet ful-

filled, are desirable in astronomical tables; one is that each set of

tables shall be founded on absolutely consistent data; for instance, that

the masses of the planets shall be the same throughout. Another
requirement is that this data shall be as near the truth as astronomi-

cal data will suffice to determine them. The third is that the results

shall be correct in theory. That is, whether they agree or disagree

with observations, they shall be such as result mathematically from
the adopted data.
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Tables completely fulfilling these conditions are still a work of the

future. It is yet to be seen whether such co-operation as is necessary

to their production can be secured under any arrangement whatever.

DISCUSSION.

In the course of the discussion which followed this paper, the reader
expressed some doubts whether the navigators of the several southern
nations of Europe actually used their own meridians, and inquired whether
the naval officers present could give information on this point.

LiEUTENANT-CoMMANDEK Thomas Npxson. The French reckon longi-

tude fi-oui the meridian of Paris; the Spaniards from Cadiz; Portuguese
from Lisbon, and the Brazilians from Rio de Janeiro.

Russians, Germans, Austrians, Danes, Swedes and Dutch all reckon
longitude from Greenwich, and I believe that most all other maritime
nations of any importance do the same.
Captain R. L. Law. I would ask the Professor, if, since we commenced

the publication of a Nautical Almanac, it has not caused an improvement
to be made in the English Almanac ? Have they not learned something
from looking over ours ?

Professou Newcomb. That is hai*d to say. I do not think they would
admit having learned or adopted anything from ours, nor have we any
right to say that they have done so. Great improvements have been made
in the British Nautical Almanac since ours commenced, and, while a com-
petition may have stimulated them, I would not say that we have in any
way guided them. The most obvious effect of the competition was to

reduce the price of their almanac one half, a result which may not be
considered especially desirable.
Lieutenant Longnecker. Have the Portuguese such complete charts

that they can refer to them and tell how far they are from Lisbon at any
given point ?

Lieutenant Commander Thomas Nelson. I think not. I am of opin-
ion that they have but very few of their own charts in use for navigating
pui'poses, and probably use British Admiralty or French charts.
Lieutenant Longnecker. Suppose you meet a Portuguese ship in mid

ocean and ask her what longitude she is in from Lisbon, can she tell you ?

Lieutenant-Commander Thomas Nelson. I cannot say positively,

but I think in that case she would probably not give you her longitude
from Lisbon; more likely from Greenwich or Paris, according to the chart
she was using.
The Chairman. The Russians use their own chart in computing dis-

tances, as well as the longitude from Greenwich. That is my impression.
Lieutenant-Commander Thomas Nelson. The meridian of St. Peters-

burg is marked on most Russian charts, as well as that of Greenwich. I
presume, for convenience in ascertaining by inspection the meridian dis-

tance of any place from St. Petersburg, and perhaps more particularly for
finding the meridian distance between any two places in their own country.
For navigating purposes, however, they use the meridian of Greenwich.
Commander Mc Cormick. I move that this meeting tender a vote of

thanks to Professor Newcomb, for the very interesting paper he has read
to us. The subject on its face looked like a dry one, but he has certainly
succeeded in making it a very interesting one.
The motion of Commander Mc Cormick was unanimously agreed to.
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MAP OF TRIPOLI.

The accompanying map of the liarbor of Tripoli was sketched on the spot

in 1804, by Mr. F. C. deKrafft, a Midshipman on board the Brig Syren. The

original is now in the possession of his son. Captain J. C. P. de Kraflft,

U. S. Navy, who has kindly allowed it to be lithographed, to illustrate

Commodore Preble's Journal. It is valuable not only on account of its ac-

curacy, which may be tested by comparison with the Admiralty chart, but

also from its great historical interest, being the independent testiiuony of

an eye-witness, and confirming many statements in Commodore Preble's

narrative. All the important points referred to in the narrative will be

found on the chart,—Fort English, the new fort built by the American

prisoners, the round water battery to the west, and the mole-forts. The

details of the action of the 3rd of August are given, as they appeared to

Midshipman deKrafft. There is also a profile view of the harbor. I can-

not help adding that I think the Institute extremely fortunate in being able

to pres«^ such an illustration of a historical paper, and to publish so val-

uable a sketch, after it has lain in private hands for three quarter-sofa

century.—J. K. S.

parent to every one interested in the history of the Navy.*

Difficulties with Tripoli had begun early in 1801, when the Pacha,

after a series of insolent letters,t formally declared war by cutting

down the flagstaff of the American consulate. His object in this was

* The letters referred to have been incorporated in the general narrative,

and the journal is printed in full at the end of the paper.

t American St. Pap., Foreign Affairs, 2, 350.
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OPERATIONS OF THE MEDITERRANEAN SQUADRON

UNDER COMMODORE EDWARD PREBLE, IN 1803-4.

By Professor James Russell Soley, U. S. N.

My purpose in preparing this paper for the Institute is to give such

an account of the operations against Tripoli as will furnish the neces-

sary commentary and supplement to the journal of Commodore Preble,

while in command of the fleet in 1804. The original of this journal,

in Commodore Preble's own hand-writing, together with a part of his

correspondence, has been kindly lent me by his grandson, Edward

Ernest Preble, Esq., of Portland, formerly an ofiicer of the Navy, with

his consent to its publication in the proceedings of the Institute. As

the documents relate to an important period in the career of one of the

most marked officers of the old Navy, as they have never before ap-

peared in print, and as they are of absolutely the highest authority in

regard to the details of naval history which they contain, the advan-

tage of having them in a permanent and accessible form will be ap-

parent to every one interested in the history of the Navy.*

Difficulties with Tripoli had begun early in 1801, when the Pacha,

after a series of insolent letters,! formally declared war by cutting

down the flagstaff of the American consulate. His object in this was

* The letters referred to have been incorporated in the general narrative,

and the journal is printed in full at the end of the paper.

t American St. Pap., Foreign Affairs, 2, 350.
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to obtain further presents from the United States, as the price of ex-

emption of American commerce from the depreciations of his piratical

cruisers. Though we had at disposal, at the time, a force sufficient

for extreme measures against Tripoli, yet for three years nothing of

any importance was accomplished. Three squadrons were sent out in

succession. The first, under Dale, was hampered by the narrow re-

strictions of the President's orders, due to constitutional scruples as to

the propriety of taking hostile measures before Congress had declared

war. The second squadron was unfortunate in its commander, Morris,

and, though some excellent things were done by the subordinates,

especially Rodgers and Porter, yet the cruise, as a whole, was a failure.

The third squadron came out in 1803. It was the least effective of the

three in material force, but it was commanded by Edward Preble. It

consisted of the following vessels :

Constitution, Commodore Preble.

Philadelphia, Captain William Bainbridge.

Argus, Isaac Hull.

Siren, Charles Stewart.

Nautilus, Richard Somers.

Vixen, John Smith.

Enterprise, Stephen Decatur.*

Preble's career at sea began in 1777, in a letter of marque. He was

then sixteen years old. After one voyage he entered the service of

Massachusetts as a midshipman, and he served till the close of the war

in the cruisers of that State. He became noted for his bravery and

coolness in action, and in all the books are abundant stories, more or

less authentic, of his acts of daring during this period. For the next

fifteen years, he commanded a ship in the merchant service, and, in

1798, he was commissioned a Lieutenant, at the new organization of

the Navy. He received command of the Pickering, in Barry's squad-

ron, which cruised in the West Indies during the French war, and was

made a Captain while on this station. After his promotion, he com-

manded the Essex, and he had charge of that famous vessel on her

first cruise. The Essex, under Preble, was the first American cruiser

* The Enterprise had served in Morris's squadron, under Hull, and re-

mained out. Decatur brought out the Argus, and, on his arrival, exchanged

commands with Hull, the latter being his senior. The Argus, Siren, Nau-
tilus, and Vixen had been recently built, under an Act of Congress approved

Feb. 28, 1803. The two former were 16-gun brigs, the otliers schooners, of

12 and U guns, respectively.
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to go around tlio Cape of Good Hope, as she was later, under Porter

the first to go around Cape Horn. After this, he remained on shore

or unerapkiyed till the spring of 1803, when he was ordered to the

Constitution, to take the place of Commodore Morris before Tripoli.

The commanders who, up to this time, had distinguished themselves

in the history of the Navy, with few exceptions, were bold and skilful

seamen, energetic in preparation, ready and resolute in action, and they

had won distinction by the successful management of single ships in

sharp, close combats. But the service in which Preble was engaged,

and the qualities he brought to it, were of a different nature. It was

a service liable to so many contingencies of place, weather, and circum-

stance, that it needed ceaseless activity and vigilance in watching for

opportunities. Its demands upon the squadron were so uncertain, and

yet so frequent, that it was necessary to keep every ship ready for any

service at a moment's notice. It required of the commander extreme

caution and ingenuity, as well as boldness, in devising schemes for har-

assing the enemy ; and the direction of the movements of the squadron,

at the entrance of a hostile port, called for no slight exercise of tacti-

cal skill. These qualifications Commodore Preble possessed in a high

degree. His movements >vere rapid and energetic. He was always on

the watch, now in one place, now in another, wherever his directing

hand was most needed. His plans were carefully laid, and he chose

the best men to execute them. The operations off Tripoli were conduct-

ed with prudence, as well as determination. The discipline of the lit-

tle squadron was worthy of Sir John Jervis ; it was the training school

of the war of 1812, as the Seven Years' war had been that of the Rev-

olution ; a school in which Stewart and Decatur, Hull and Morris,

Lawrence and Macdonough, got their best lessons in the duties of

officers.

When Preble arrived out in the Constitution, in September, 1803, he

found at Gibraltar the fragment of Commodore Morris's squadron

which had not yet gone home, consisting of the Adams, in which Mor-

ris himself was about to return, and the New York and John Adams,

which were shortly to follow. The last were under the command of

Commodore John Rodgers. Of the new squadron, the Nautilus had

arrived in July, and the Philadelphia in August ; the Vixen came in

immediately after the Constitution ; and the Argus and Siren were anx-

iously expected. The Philadelphia had only just got out when she

fell in, off the coast of Spain, with the Mirboka, a cruiser belonging to

Morocco, having in company a merchantman as prize. Captain Bain-
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bridge discovered by a stratagem that the prize was an American,

which had been captured a few days before by the Moorish captain,

under orders from Hashast, the Governor of Tangier. He accordingly

took possession of both the ships, and put in to Gibraltar. Leaving

the prizes there, the Philadelphia went immediately to the blockade of

Tripoli, then supported by the Enterprise alone.

The capture of the Mix'boka changed, for the moment, the position of

affairs. Preble saw, on his arrival, that his first duty was to call the

government of Morocco to account for a gross violation of its treaty

obligations,* in allowing the governor of Tangier to give orders to

cruisers to make depredations on our commerce. If the straits were

not kept open, it would be small benefit to our merchantmen to clear

the inland waters of pirates. Commodore Preble decided to go to

Tangier to demand satisfaction. At his request, Rodgers postponed his

return, and did all in his power to forward the negotiations. Though

standing above Preble on the list, he generously waived his seniority,

and put aside any feeling of annoyance he might have had at the

change in commanders—a change which had been necessitated by the

rules of the service, and which had nothing to do with the personal

fitness of the oflicers concerned. No one had shown himself better fit-

ted to exercise this important trust than Rodgers, and nearly all the

successful exploits of the war thus far had been due solely to him.

One of these, the capture of the Meshuda, was at this time of special

importance. The Meshuda was a Tripolitan corsair, which Dale had

found at Gibraltar in July, 1801, and which had remained there for

two years, blockaded by one or another of our vessels. In the summer

of 1803, after a real or pretended sale to the Emperor of Morocco, she

got out, but was captured by the John Adams, under Rodgers, in the

act of attempting to run the blockade of Tripoli. She was now lying

at Gibraltar, and at Preble's request, Rodgers consented to make her

surrender part of the basis of an arrangement with Morocco.

After sending the Vixen to assist the Philadelphia in the blockade

of Tripoli, Preble had with him, of his immediate command, only the

Constitution, Nautilus, and Enterprise. These vessels were actively

employed on various duties near the straits, cruising after Moors, and

watching or blockading them ; convoying American merchantmen, or

warning them away from the enemy's ports ; and hovering about the

coast of Morocco. The flagship was constantly moving between Gib-

raltar and the Moorish ports, being most of the time near Tangier,

* Treaty of July 18, 1787.
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where Simpson, the American Consul, was residing, under certain re-

straints imposed by the local authorities.

The account of the negotiations with Morocco I give in Commodore

Preble's own words. On the 22d of September, he wrote to the Navy
Department, as follows :

—

Commodore Preble to the Secretary of the Navy.*

" U. S. Flagship Constitution, at sea,

OFF THE COAST OF BaRBARY, NEAR CeUTA,

Sept. 22d, 1803.

"Sir : I had the honor to write you the 20th and enclose you various

despatches as per list, since which, in consequence of information from

Mogadore that several valuable American vessels Avere expected there,

and that two galleys which the Emperor of Morocco has at Tangier

were about moving, I have thought proper to countermand the orders

for the Argus and Enterprise. The latter vessel is now alongside,

taking in provisions for a cruise off Mogadore, to prevent our vessels

from entering that port and falling into the hands of the Moors, and

to watch the Moorish cruisers. The Enterprise will have to touch at

Gibraltar for a few hours for additional stores. I am in great want of

the Argus and Siren at the present naoment, and hope they may soon

arrive. The Nautilus has not yet returned from Malaga. The winds

have been contrary, which has prevented her from coming down with

the convoy. I want her to watch the two galleys, and a ship loaded

with Moorish property, at Tangier, and prevent them from escaping,

until I can learn the Emperor's determination. I understood that the

vessels at Malaga were all ready to sail, and had been waiting before

the Nautilus arrived. Of course I gave Lieut. Somers orders to wait at

Malaga only twenty-four hours, and return to Gibraltar with what ves-

sels he could find ready by that time. I have been endeavoring to

reach Tangier Bay since the 20th, but find it impossible to beat

through the straits with a westerly wind. I, however, am still striving,

and shall not anchor until I reach it. Col. Learf agrees with me that

it would be imprudent for me to leave this station for Algiers, Tunis,

or Tripoli, at present, and has written me a letter to that effect, which

you will find among my despatches.

" As the winter is fast approaching, I conceive there will soon be very

* This, as well as all the other letters included in the paper, is from the

original in the Preble collection.

t Recently appointed Consul General at Algiers.
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little danger from the Tripolitans until the spring opens. In the

meantime Captain Bainbridge will be able to keep them in check with

the Philadelphia and Vixen. I shall send another vessel up, as soon

as she can be spared from this station, to convoy a vessel to Malta

with provisions, of which, by the way, there is no great stock at Gib-

raltar. I enclose you a list of all the consul has on hand.

"Sept. 23.

" Last evening I fell in with the Adams, Consul Cathcart on board.

Capt. Campbell and Mr. Cathcart came on board the Constitution.

The Bey of Tunis has refused to receive Mr. Cathcart, and positive-

ly demands a frigate. Should that demand be acceded to, it will re-

quire another frigate on our own account, to watch her motions. I sus-

pect the demands of the Barbary Powers will increase, and will be of

such a nature as to make it imprudent for our government to comply

with. All of them, excepting Algiers, appear to have a disposition to.

quarrel with us, unless we tamely accede to any propositions they choose

to make. I believe a firm and decided conduct in the first instance

towards those of them who make war against us would have a good

eflTect.

" The Emperor of Morocco has, no doubt, long been meditating war
with the United States. He has only been waiting for some pretext,

and the capture of the Messuda [Meshuda] by Capt. Rodgers I sup-

pose he will allege to be a sufficient one, although I think he has no
cause of complaint on that score. The Christian powers will have no

chance with these people, until they determine never to pay tribute or

supply them with military or naval stores or ships, and to destroy every-

thing they can belonging to them. They send out their cruisers, and if

they prove successful, it is war, and we must purchase peace, suffering

them to keep all they have taken; but if they are unfortunate, and
we capture their cruisers, before they have taken anything valuable, it

is not war, although the orders for capturing our vessels are found on
board, and we must restore all we take from them,—which enables

them to commence again. I know not how long we shall be obliged to

submit to this sort of treatment. The Moors are a deep, designing,

artful, treacherous set of villains, and nothing will keep them so quiet

as a respectable naval force near them. I think Gibraltar should nev-

er be left without a frigate and two brigs or schooners, as they can ef-

fectually prevent any cruisers from aloft passing into the Atlantic, and,

at the same time, keep the Moors in check.

" The wind has the appearance of changing in favor of reaching Tan-
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gier, and I must for the present conclude. Mr. Cathcart will forward

despatches to the Secretary of State by the Adams, and inform him of

his proceedings at Tunis.

" I have been very much engaged since I came on the station, and

have only written a few lines to Mr. Madison, referring him to my des-

patches to you for such information or documents as belong to the

State Department.

" I have the honor to be, etc., etc.,

E. Preble.
" Honorable Secretary of the Navy."

Commodore Preble to the Secretary of State.

"U. S. S. Constitution, cruising off the Coast of Barbary,

23 Sept., 1803.

" Sir : I have been very much hurried in preparing my despatches

for the Navy Department, and although several of the papers apper-

tain more immediately to the Department of State, I have had no

time to make duplicates to forward by this conveyance, and beg leave

to refer you to the Secretary of the Navy for such papers, relative to

our situation with Morocco, as more immediately concern your office.

I have issued orders to all the Captains under my command to capture

Moorish vessels, and bring or send them to Gibraltar for examination,

in consequence of the Empei'or's having given orders to his cruisers to

capture American property,—and one of them having actually cap-

tured the brig Celia, of Boston,—and of his having detained the brig

Hannah of Salem, Joseph W. Williams, Master: for the whole of

which transactions I must refer to the documents enclosed to the Sec-

retary of the Navy.

" I have the honor to be, &c., &c.,

Edw. Preble.

"Hon. James Madison, Secretary of State."

Commodore Preble to Consul Simpson.

"U. S. S. Constitution,

At sea off the Rock of Gibraltar, Sept. 22, 1803.

" Sir : Adverse winds keep me from Tangier Bay. I am endeavor-

ing to reach it, but I find it hard striving against wind and current.

However, I shall keep a good lookout, and not go into port before I visit

it. I feel disposed to accommodate our differences with the Emperor
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on fair and honorable terms ; and if he arrives at Tangier before I do,

you may so inform him. I have sent three vessels off Mogadore, Sallee,

and Larach [El Araiche], and one off Tetuan.

" With great esteem,

Your obedient servant,

E. Preble.

" James Simpson, Esq., Consul U. S., Tangier."

Commodore Preble soon after reached Tangier. He remained at or

near that place for more than a week, in communication with the Con-

sul, with a view of frightening the Moors into a renewal of their treaty.

He then returned to Gibraltar, from which place he wrote on the 1st

of October to the Secretary of the Navy.

Commodore Preble to the Secretary of the Navy,

" U. S. Ship Constitution,

Gibraltar Bay, Oct. 1, 1803.

"Sir: I had the honor to enclose. you by the U. S. Ship Adams,

Capt. Morris, two letters, a monthly muster-book, and thirty-four other

despatches relative to the squadron and our affairs with Morocco, and

also a letter to the Secretary of State. I now enclose you a copy of the

arrangement of those despatches, together with copies of sundry letters

that have passed between the Emperor of Morocco, his ministers, Mr.
Simpson, and myself, since that period. After a perusal of these papers,

you will be convinced that the ship captured by Captain Rodgers was

a Tripoline, and ought not to be given up, and that the Emperor is

very desirous of peace, as his cruisers have been unsuccessful. I

have no doubt but he would have discovered a different disposition,

if they had been otherwise. Our squadron arriving so opportunely

has disconcerted their plans, and prevented great mischief to our

commerce.

" I arrived here last night from a cruise off their coast ; was in Tangier

Bay three times in the course of a week. They find themselves so

closely watched that it will be for their interest to have peace, which I
have no doubt will be established in a very few days. But to prevent
any of our vessels falling into their hands, which would render it

more difficult to make terms with them, I have sent the Enterprise

and Nautilus off Mogadore, where several of our merchant vessels are

momently expected to arrive ; and the Siren, which arrived this day, will

sail for the western coast in forty-eight hours. Several vessels are here
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waiting for convoy for Leghorn, and other ports aloft. The moment
the Argus arrives, she shall sail with them, but it will not be prudent

for me to send a vessel up until then. The Emperor, with his court,

are expected at Tangier next Tuesday. I shall endeavor to be there,

and shall co-operate with Mr. Simpson, in such measures as are neces-

sary and proper to the re-establishment of peace. The cruiser taken by

Capt. Bainbridge is such a miserable piece of naval architecture that

I do not believe we have a naval officer in our service that would be

willing to attempt to cross the Atlantic in her for ten times her value.

I have concluded to restore her to the Emperor, together with all his

subjects in our possession, and to withdraw the orders I have given for

capturing Moorish vessels, on certain conditions, which my letter of the

25th ult. to Mr. Simpson, (a copy of which is enclosed,) will explain

to you. The Emperor of Morocco has such an extensive sea coast on

the Atlantic and is so advantageously situated on the Straits for an-

noying our commerce, that it is very much for our interest to be on

good terras with him. His 30-gun ship, which I met on my passage,

has arrived at Lisbon, has not taken anything, and is ordered to remain

there until peace is restored. The threat I made on my arrival, to sink

that ship or any other of his cruisers that I might meet with, and the

active vigilance of our squadron, have had a good effect on the Moors.

I have no doubt but this quarrel will eventually be for our advantage,

as I do not believe His Imperial Majesty will be disposed to war with

us again, and we shall get clear of having anything to do with Hashast,

the former governor of Tangier, who has ever been opposed to our in-

terest.—The John Adams and New York will remain a few days

longer until all is settled; and I hope by the last of this week to trans-

mit to you by those ships satisfactory accounts of our situation relative

to Morocco. ******
" The Enterprise has been new-coppered at Malta, and I shall new-

rig her here as soon as she returns from off Mogadore.

" I am watering at present, and expect to sail tomorrow evening for

Tangier. " I have, etc., etc.,

E. Preble.

" Hon. Robert Smith,

Secretary of the Navy."

The Constitution remained only two days at Gibraltar, returning as

soon as possible to Tangier. She entered the bay on the 4th, and on

the same day Commodore Preble wrote to Mr Simpson.
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Commodore Preble to Consul Simpson.

" U. S. S. Constitution,

Tangier Bay, Oct. 4, 1803.

" I yesterday had the Mirboka's sails bent, and put on board an officer

and men to bring her here. A change of wind will prevent her arrival

for the present, as she is but an indifferent sailer. Indeed I cannot con-

ceive what advantage to us or to the Emperor it can be to have her here

previous to the settlement of our affairs and a re-establishment of peace,

as, immediately on that event taking place, I shall deliver her up in as

good or better order than when detained by us, together with all the

Moors in our possession.—I certainly shall not deliver up either vessel

or people previous to the renewal and ratification of our treaty. I

wish exceedingly to see you on board, if only for a few minutes. Nei-

ther his Imperial Majesty nor his minister can have any objection to

your visiting me for the purpose of our consulting on the best means of

bringing about a speedy and happy termination of all our differences.

" With the charge of the squadrons resting on me, I cannot think of

leaving my ship at present, particularly as they have not themselves

the liberality to allow you to come on board. If they wish a hostage,

the officer who brings this will remain on shore until your return ; but

I should presume that they cannot require any other security than

your family.

" I have the honor to be, with real esteem and respect,

E. Preble.
*' James Simpson, Esq., Consul."

Simpson could not come off, but informed the Commodore that the

Emperor was expected, and asked that the ship might salute him.

Preble replied as follows

:

Commodore Preble to Consul Simpson.

" U. S. S. Constitution, Tangier Bay.

Six P. M., Oct. 4, 1803.

" I am honored with your communication of this evening. I shall

not send a boat on shore until I have the Emperor's permission, but

shall wait your communications by a shore boat.

"As you think it will gratify his Imperial Majesty, I shall salute

him and dress ship ; and if he is not disposed to.be pacific, / will

" Respectfully,

E. Preble."
Underscored in the original.
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To the Same.

" IT. S. S. Constitution, Tangier Bay,

6 P. M., Oct. 5, 1803.

"I am honored with yours of this afternoon, and shall wait until to-

morrow to hear the result of your comrauuication with the Emperor.

If Hashast is continued in power, with additional honors conferred

upon him, we cannot have anything friendly to expect. Of course, I

shall be under the necessity of employing my whole force in the best

possible way for the protection of our commerce, and to avenge the

insult and indignity offered our flag. I, however, still hope that every

thing may be amicably adjusted."

On the 6th, the Consul came on board the Constitution, and had an

interview with Commodore Preble. The New York and the John

Adams joined company on the same day. All the ships were kept

clear for action, the men sleeping at quarters. On the afternoon of the

6th, the Emperor arrived at Tangier. Upon seeing the warlike prepa-

rations of the squadron, he announced that he had no intention of

breaking the peace, and he was accordingly saluted. Friendly rela-

tions were established, and the remaining letters show the progress of

the negotiations.

To the Same.

" U. S. Ship Constitution,

Oct. 7, 1803.

" I am honored with your favor and the Emperor's present, for which

I beg you to present my thanks. The salute I meant as a compliment

of respect to His Imperial Majesty, on his appearance at the Fort, and

I am gratified that it was received by him as such,

"My boat, as I before observed, will attend you to-morrow at 7

o'clock."

To James Simpso7i, Esq.

" 8th Oct., 1803, 3 P. M.
" The order for the release of the vessel at Mogadore is an act of jus-

J:ice on the part of the Emperor, and augurs favorable things to us.

"I shall be ready to pay my respects to His Imperial Majesty the

moment you give me notice, that I shall be favorably received, and

that I shall not be detained on shore one moment contrary to my
wishes.

" I ardently wish this business may be speedily settled."
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Commodore Preble to Consul Simpson.

" U. S. S. Constitution, Tangier Bay,

8th Oct., 1803.

" I am honored with your favor of this date, and have duly considered

its contents. I think your arguments so far conclusive that I shall not

hesitate in giving up the Mirboka, and am authorized by Commodore
Kodgers to assure you that he will do the same by the Meshuda,—on

the Emperor's renewal and acknowledgment of the Treaty of Peace

and friendship entered into between the Emperor and Sidy Mahomet,
his father, and the United States, in the year 1786, and the fulfilment

of his promise to release all American property and subjects he may
have in his possession.

"I am fully aware of the happy combination of circumstances which

has facilitated that so much desired object of our government without

the agency of money, or even the promise of any future tribute or

present: either of which must have degraded us in the eyes of these

barbarians ; and would have only been a prelude to greater insolence

and demands.
" If the arguments adduced in favor of the restoration of the Mirboka

and Meshuda should appear rather specious to the Secretary of State,

I feel confident they will give place to the importance of the object

accomplished thereby. Indeed your extract from his instructions

ensures to us his approbation of the measures we have taken, for the

security of our large and increasing commerce to this part of the world,

by the establishment of an honorable and permanent peace."

The basis of the negotiation was the mutual restitution of all property

and subjects detained or captured, and the disavowal, on the part of the

Emperor, of the acts of Hashast, the Governor of Tangier. On the

10th, Commodore Preble and the Consul had interviews with the Em-
peror and his Minister, which resulted in the renewal and ratification

of the Treaty of 1787, and in the issue of orders to all Moorish officers

to abstain from depredations on American commerce; Commodore
Preble having, on his part, revoked his orders to capture all Moorish

vessels. The terms of the agreement were carried out at once, and, on,

the 15th, the fleet was once more at Gibraltar. Two days afterwards,

the New York and John Adams returned to the United States, and

Commodore Preble was left free to devote himself to his main object,

—

the reduction of Tripoli.

On assembling his ships at Gibraltar, Preble made a formal declara-
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tion of the blockade of Tripoli, at the time actually maintained by the

Philadelphia and Vixen. It was too late in the season for active op-

erations, but the new force had to be put in order and disciplined for

the work of the next summer. The Siren was sent to Leghorn on con-

voy duty, and on the 13th of November, Preble sailed for Algiers,

"where he landed Lear, the new Consul General.

It was several days before this, towards the end of October, that the

Philadelphia met with the accident that resulted in her capture. The

story of the loss of the vessel has been often told, and is especially

well told in Admiral Porter's life of his father ; so that it need not be

dwelt upon here. The elder Porter was first Lieutenant of the Phila-

delphia, and she was commanded by Bainbridge. The blockade of

Tripoli at this season was a service requiring especial caution ; and

neither Bainbridge nor Porter had an excess of this quality. Still, the

grounding of the Philadelphia was one of those accidents for which it

would be hard to blame any one : and the officers paid a severe penalty

in a year and a half of close confinement in Tripoli.

Preble first heard of the catastrophe from an English frigate which

he met oflT Sardinia, on his way to Tripoli. He went at once to Mal-

ta for further intelligence. Here he found letters from Bainbridge,

confirming the report. The loss of the ship caused him the greatest

anxiety. " It distresses me beyond description," he said, in his official

report to the Secretary of the Navy. Besides the loss of the frigate

itself, which was fully One-third of his force, there was the additional loss

of the officers and men, and complicated questions would arise in re-

gard to ransom, increasing the difficulty of securing a peace honorable

to the United States. It was a stroke at the outset that would have

daunted any but the most resolute ; but it only stimulated Preble to

greater energy and effort.

There were many things that made the situation a specially hard

one. The bad season was coming on, and no direct attack could be

made upon the city of Tripoli for six months to come. The capture

of the Philadelphia, and the necessity of keeping the Argus at Gibral-

tar to watch the Moors and guard the straits, left a working force of

one brig and three schooners, beside the flagship. The Argus was the

best of the smaller vessels, and her absence weakened the force serious-

ly. The Philadelphia was in the enemy's hands, in almost as good

condition as before the accident. The city of Tripoli was amply pro-

tected by its batteries, mounting over one hundred heavy guns, and by

a flotilla. The approaches to the city were intricate and dangerous,
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and the TripoHtans knew every shoal and hidden rock and winding

passage, while the charts used by our ships were incomplete and in-

accurate. The officers of the squadron were men of comparatively lit-

tle experience, and nearly all unknown to Preble before they reported

to him for this service. To bring 'this force to the highest state of

efficiency, and then to carry it into action with the smallest risk and
the best results, was now Preble's task. Evidently it called for the

exercise of faculties quite different from those which won the victories

of the former wars—a power of combination, a clear judgment, a fac-

ulty of rapid organization, a wise foresight, and that keen perception

of individual character, which enables a man to choose the best men
for the work, and to find some kind of useful work for everybody. It

needed an active organizer, a prudent but resolute commander, and an

exacting disciplinarian : a man who left no loose threads about his

own work, and w.ho would not allow them in the work of any one else.

Preble was on the alert from the first. He fixed his rendezvous at

Syracuse, on the 1st of December, and immediately set on foot ar-

rangements to carry on a secret correspondence ^^with Bainbridge,

which was kept up through the year, with great advantage to the

squadron. He sent an agent to Malta, to act with Pulis, the United

States Consul at that place, in forwarding supplies and provisions to

Bainbridge. On the 10th of December he wrote to Pulis from Syracuse.

Commodore Preble to Consul Pulis.

" U. S. Frigate Constitution,

Syracuse Harbor, Dec. 10, 1803.

" I have received your letter of the 26th Nov., by Lieut. Dent.
" You have done right in sending Captain Bainbridge three hundred

dollars, for himself, officers, and crew, and if it had been three thous-

and dollars, I should be answerable for the supply. You have done

right in sending the medicines he required.

" I expect soon to be at Malta, and will then settle the business be-

tween you and Mr. Higgins, by ordering all the provisions and stores

to be shipped for this place.

" I shall sail from this place tomorrow for the coast of Tripoli, where

I have now some vessels cruising. You will perceive by the enclosed

that Tripoli is at present, and will continue to be, in a state of blockade."

The Constitution, with the Enterprise in company, sailed soon after-

wards for Tripoli, to reconnoitre. On the way back, about Christmas,

the Enterprise captured a Tripolitau ketch, called the Mastico. She
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had previously been a French gunboat, and Preble took her into the

service as a tender, and named her the Intrepid. Meantime the other

vessels arrived at Syracuse, and Preble, after giving orders and making

arrangements that would keep every body busy during his absence,

sailed in the Vixen to Malta, to send letters and stores to Bainbridge.

Among his papers is a letter to Bainbridge, written during this stay at

Malta.

To Captain William Bainbridge.

"Malta, Jan. 23, 1804.

"You will receive a present supply of money from here through the

British Consul, B. Mc Donough, Esq., forwarded by Mr. Higgins.

"Any letters you will direct to the care of William Higgins, Esq.,

whom I have appointed Agent at this port for the squadron of the

United States in these seas, and I am confident that he will pay you

every attention. The clothing and other stores which ought to have

been with you six weeks since, were detained by Mr. Pulis ; and for

what reason I know not. Your drafts on Mr. Higgins will be duly

honored. Keep up your spirits, and despair not ; recollect there's a

sweet little cherub that sits up aloft.

" May the Almighty Disposer of all events aid me in my plans and

operations for the good of my country, and may you be liberated by

them is the hope of

" Your friend who esteems you,

Edward Preble."

Preble returned to Syracuse about the end of January. By this

time he had fully arranged a plan for the destruction of the Philadel-

phia. Whether the project originated with him or with Bainbridge,

Decatur, or Stewart, is not of much consequence. It was a subject,

doubtless, about which every one in the squadron had thought and

talked in the two months during which they had been lying in port.

Bainbridge suggested it in a letter written in December, and Decatur

before this had volunteered for the expedition. Afterwards Stewart,

the Lieutenant in command of the Siren, offered to go in, but Preble

had already promised the first volunteer,

Decatur was at this time twenty-four years old, and had been only

five years in the service. His father. Captain Stephen Decatur, was the

commander of the Delaware during the French War, when she took

the Croyable, the first capture of the war. His son had been studying

at the University of Pennsylvania, and had afterwards gone into a
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Barry to get him a warrant as midshipman in 1798, when the United

States was fitting for sea at Philadelphia. When he joined the ship,

he was nineteen years old, and without any sea-training whatever. In

his cruise in the West Indies, he made such progress, that he was pro-

moted to Lieutenant the next year. All the good opportunities of the

French war fell to Truxtun, and Barry's cruise was without any strik-

ing events. It was perhaps as well for Decatur, who had so much to

learn of the routine of his profession, that he should have had this un-

interrupted cruise for study and practice with so good a master. He
made such good use of his time that two years after, when the Es-

sex was fitting out for a cruise in Dale's squadron, Bainbridge chose

him as First Lieutenant. Dale returned in December, 1801, and in

March, 1802, Decatur sailed as First Lieuteuantof the New York, under

Captain James Barron, in Morris's squadron. Next year he came

home, and after two mouth's respite, he took command of the Argus,

and brought her out to the Mediterranean to join Preble. On his ar-

rival he took command of the Enterprise, exchanging with Hull, who

was his senior. Though he had only had five years in the Navy, they

were years of almost uninterrupted sea-service, under the best captains.

Commodore Preble returned from Malta about the 1st of February,

and Decatur i-eceived his orders on the 3rd, to proceed to the harbor

of Tripoli. He was to take the Intrepid, with seventy-five officers and

men of his own selection, and the Siren was to go with him to support

and cover his retreat. Decatur made his choice of men from his schoon-

er, the Enterprise, all on board volunteering for the expedition. He took

all his lieutenants, Lawrence, Joseph Bainbridge, a younger brother of

Captain Bainbridge, and Thorn ; and one midshipman, Macdonough.

Five midshipmen were selected by Commodore Preble to go with

him ; among them Izard and Charles Morris. Decatur's preparations

were made in a few hours, and on the evening of the day on which the

orders were issued, the Intrepid and Siren sailed for Tripoli.

After a voyage of four days, they arrived in sight of the city ; but a

storm came up and kept them off" a week longer. On the afternoon of

the 16th, they came once more in sight of Tripoli, and the wind being

light and favoring, Decatur made up his mind to attack that night.

The boats of the Siren were to join him, but the brig stood oflf to keep

out of siglit, and her boats did not come up in time ; or rather, Decatur,

fearing delay, was unwilling to wait for them, and prepared to make

the attack alone.
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The Philadelphia was lying in the inner harbor, close to the batteries

on the castle, tlie niolehcad and the New Fort, and within easy range

of all the other batteries of the harbor. She mounted 40 guns, which

were kept loaded, and a full complement of men was on board to serve

them. Close by, between her and the shore, lay three Tripolitan

cruisers and twenty gunboats and galleys, all of them fully manned

and in readiness. To attack this force, Decatur had a ketch of sixty

tons, mounting four small guns, and with a crew of seventy men.

About 9 o'clock, the Intrepid entered the harbor. The surf, break-

ing in the narrow western passage, after the gale of the last week, com-

pelled her to take the nortliern entrance. There was a faint moonlight,

and the view seaward was unobstructed. As the Intrepid sailed slowly

in, under a light breeze, she could be seen some time before she reached

the frigate. The crew lay hidden under the bulwarks. Only two or

three officers were to be seen on deck, Decatur and the pilot standing

by the helm. When the ketch had come within thirty yards of the

Philadelphia, she was hailed and ordered to keep off. Owing to her

Tripolitan rig, and to the fact that her Sicilian pilot, Catalano, spoke

the Tripolitan language, no suspicion was aroused by the answer that

she had lost her anchors in the gale, and the request to be allowed to

run a warp to the frigate and ride by her during the night. During

the talk, lines were made fast to the bow and stern of the Philadelphia,

by boats from the two vessels. The suspicions of the Tripolitan boat's

crew were aroused, and, as the people of the Intrepid began to haul on

the lines and the ketch came close, they sudileuly gave the alarm. But,

before a gun could be fired, Decatur cried " Board," and he and Mor-

ris sprang upon the deck of the Philadelphia. In an instant, sixty of

the officers and crew of the Intrepid followed, climbing over the rail,

and through the ports and gangway, wherever they could. The Tri-

politan crew were panic-struck for the moment, and gathered on the

forecastle. Decatur waited coolly until he had got all his men to-

gether, and formed them,—it took but a moment,—and then, at their

head, he made for the enemy. The struggle was short and decisive.

Those who resisted were cut down, and the rest jumped overboard pre-

cipitately. The attacking party at once separated and went below to

the stations which had been assigned them, carrying everything before

them. About twenty of the enemy were killed. In five minutes, De-

catur found himself in complete possession of the frigate, without a

man killed, and only one slightly wounded.

The temptation to try to bring the Philadelphia out must have been
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strong, but Preble's orders on the subject were explicit. She was set

on fire in half a dozen places at once; and the Americans, only waiting

until they could see that the work was thoroughly done, returned to

the Intrepid, and shoved oflT from the burning ship. There was no

time to be lost. Though no shots had been fired in the engagement,

yet the alarm had been given, and many boats put out from the shore

and frojn the Tripolitan vessels. In their uncertainty and hesitation,

they were slow in forming for an attack. With the help of the sweeps

and a slight land breeze that had sprung up, the Intrepid got away from

the boats and the burning frigate, the neighborhood of which was be-

coming dangerous. She was now a mass of flames and the magazine

must explode in a moment. The bright light showed exactly the po-

sition of the ketch, and all the shore batteries opened fire upon her.

Presently the Philadelphia drifted in towards the castle, with her

broadside towards the town, and, as her, guns loaded and double-shotted,

became heated, they discharged their contents among the enemy. The

Intrepid received one shot in her top-gallant sail, but was otherwise un-

injured. Presently she met the boats of the Siren, and in a few mo-

ments more the Philadelphia blew up.

When the news of Decatur's exploit reached home, he was immedi-

ately promoted ; and thus he had the extraordinary honor, which has

fallen to the lot of no ofiicer of our navy before or since, of being a full

captain at the age of twenty five.

During the rest of the winter, and the whole of the spring, the Com-

modore was busily occupied in preparing for the operations he was plan-

ning for the summer. The blockade was kept up with great strictness,

notwithstanding the severe weather, which lasted most of the season.

The Commodore was at Syracuse, Tunis, Tripoli, Malta, Messina, Na-

ples, as occasion called him, but never long in any one place. His

longest stay was at Naples, in May, where he was engaged for ten days

in negotiating for gunboats. At the end of this time he left for Messina

with an order from the King of the Two Sicilies for six gunboats and

two bomb-vessels or mortar-boats. These were taken at once to Syracuse,

and prepared for service. The gunboats were vessels of twenty -five tons,

and carried a long iron 24-pounder in the bow, with a complement of

thirty-five men. The mortar-boats, of about thirty tons, carried a 13-

inch brass mortar, and forty men. All the boats were oflScered and

manned from the squadron, except twelve Neapolitan bombardiers,

gunners and sailors, who were attached to each vessel, by permission
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of their governmeut. This was made necessary by the fact that every

vessel ill the squadron was short of her complement. The gunboats

were built for harbor defence, and were flat bottomed and heavy, so

that they did not sail or row even tolerably well. They were not in-

tended to go to sea, and could not be navigated with safety, unless

assisted by tow-ropes from the larger vessels, and not even then, iu

very bad weather. " However," said Preble, in his report to the De-

partment, "as they were the best I could obtain, I have thought it for

the good of our service to employ them, particularly as the weather in

July and August is generally pleasant, and, without them, my force

too small to make any impression on Tripoli."*

In June, while the squadron was preparing. Commodore Preble

made an effort to negotiate with the Pasha of Tripoli, but with no

satisfactory result ; and, soon after, he was called away to Tunis, to

quiet some angry demonstrations in that quarter. A Tunisian vessel

had been seized iu a suspected attempt to break the blockade of Trip-

oli, but had subsequently been released, with a warning. The Bey had

heard of tlie seizure, and, ignorant of the recognized laws of blockade,

made threatening demands for reparation. The presence of a squadron

in his harbor had the desired effect, and Preble, returning to Syracuse,

was at last free to give his undivided attention to the reduction of

Tripoli.f On the 21st of July, the ships left Malta, and on the 25th

they came in sight of Tripoli, and were joined by the blockading

vessels.

*Am. St. Papers, Nav. Aff., 1. 133.

t The natuie of the questions arising during Preble^s command, and his

manner of dealing with them, are illustrated in the following letters:

—

To G. Davis, Esq,. Charge d'Affaires of the United States at Tunis.

"Constitution, Malta.
July IS, 1804.

" I am honored with your fiivoi' of the 23d ult. The present situation of

our affiiirs renders it impossible for me to snflfer any vessel to proceed to

Tripoli, particularly as I sail this day with bomb and gun-vessels to attack

that place. I have therefore advised the niaster of the Spanish vessel to

return to Tunis, particularly as I understand she has articles on board for

our worst of enemies, the Spa}iish carpenters, who are baihling gun-boatsfor
the Pasha.

" I will endeavor to retain and destroy the passport you mention.
" I have not the time to write Colonel Lear at this moment, but shall as

soon as I return, and send a vessel down to carry the letters, and shall

order her to touch at Tunis for yours."
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The squadron now consisted of the frigate Constitution, the brigs

Argus, Siren, and Scourge, (the last of which was a captured blockade-

runner,) the schooners Nautilus, Vixen, and Enterprise; six gunboats,

and two bomb-vessels or mortar-boats.

The gunboats were arranged in two divisions, and commanded as

follows :

—

First Division.—No. 1, Captain Richard Soraers ; No. 2, Lieuten-

ant James Decatur; No. 3, Lieutenant Joshua Blake.

Second Division.—No. 4, Captain Ste[)hen Decatur ; No. 5, Lieu-

tenant Joseph Bainbridge; No. 6, Lieutenant John Trippe.

The mortar-boats were commanded by Lieutenant John H. Dent,

and Lieutenant Robinson.

From the time of Commodore Preble's arrival, on the 25th of July,

untd the lOth of September, when he was relieved of the command,

Tripoli was closely pressed by the whole force of the United States in

those waters. Attacks followed each other in rapid succession, when-

ever the treacherous weather would permit, and every measure was

resorted to that could harass or annoy the enemy. In addition to the

batteries, the harbor was now defended by nineteen gunboats, two gal-

leys, two schooners of eight guns each, and a lOgun brig, ranged in

order of battle, at secure moorings, inside the long range of rocks and

shoals, which extended, in an easterly direction, for two miles. These

rocks covered the harbor on the northern side, and protected it from

the northerly gales, which blow incessantly on this coast. The block-

ading squadron lay in an exposed position, to the north of the rocks,

and the shoals prevented the Constitution from approaching near

enough to the gunboats to destroy them. The channels were winding

and dangerous, and the enemy had every advantage in his familiarity

To Josef Noguera, Consul-General of Spain to the Regency of Tunis.

f
" U. S. S. Constitution,

Malta, July 18, 1804.

" I am honored with your letter of the 24th ult., and liave to inform yon

that the critical situation of our aftairs with Tripoli, at the present moment,
renders it impossible for me consistently with prudence to permit the Cou-
rier, St. Fernando, to proceed to Tripoli. ,1 liave therefore warned the Mas-
ter of that vessel not to attempt it, particularly as he has in charge articles

for our enemies, the Spanish subjects who are building gunboats jor the

Fasha of Tripoli.

'* Tiie Spanish vessel. Captain Torres, has been liberated agreeable to the

information given you by Mr. Davis, notwithstanding the violation of her

passport, but no indulgence of the same nature will again take place."
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with the ground. Under such circumstances, any imprudence would

have been fatal to t)ie squadron.

For the first week, continued gales from the north and north-east

prevented an attack. p]very thing was in readiness, but there was no

choice but to wait. By the third of August, the weather had moderated,

and the squadron stood in for the town. The gunboats and bombs
were still iu tow of the larger vessels. Early in the afternoon of this

day, as the squadron approached the town, it was noticed that the

Tripolitan gunboats had ventured outside the rocks. Under these favor-

able circumstances, the Commodore determined to ma'ke an attack. The
gunboats and bombs were cast off, and at a quarter before three the

bombs began the action by throwing shells into the town. The wind

was from the east, and the enemy's gunboats were arranged in three

divisions. The eastern or van division, of nine boats, lay outside the

line of rocks. The centre, of seven boats, lay within the rocks, as a

reserve. The western division, of live boats, was directly under the

western batteries.

The American flotilla, of six gunboats, advanced gallantly to attack

the Tripolitans, more than three times their number. Their object

was to get to windward of the enemy, and make a concentrated attack

on the first division. Captain Somers, in No. 1, failed in his purpose,

owing to the bad sailing of his boat, and, falling off to leeward, en-

gaged single handed the enemy's rear. The force of his attack drove

the five boats to take refuge within the I'ocks, after the loss of many
of their men. Lieutenant James Decatur, in No. 2, engaged one of the

enemy's van, and forced it to surrender ; but, as he was stepping on

board of the prize to take possession, he was treacherously shot, and

fell, mortally wounded.* The ofiicer second in command of the boat

then hauled off. Lieutenant Blake, in No. 3, failed to close with the

enemy, but, taking a position to windward, kept up a fire from a

distance."}"

Of the second division, Capt. Decatur, iu No. 4, carried two of the

* Cooper gives it as his opinion that the Tripolitan gunboat had not

struck, but quotes no authority to sustain his view. The statement in the

text is based on that in the journal of Commodore Preble, which is repeated
in his official report to the Navy Department. Am. State Papers, Nav.
Aff., 1, 134.

t According to Coopei*, it appeared at a court of inquiry, held some time
afterward, that Blake only obeyed a signal of recall, which w\as shown for

a moment, by mistake, from the flagship. I have not been able to find any



72

Tripolitan guuboats, in quick succession, by boarding, after severe and
bloody conflicts. The slaughter in these two hand-to-hand fights was

so great that, out of sixty officers and men on board the Tripolitans,

thirty-three men were killed outright, and the rest made prisoners ; nine-

teen of them being badly wounded. The fury of our men carried

everything before them, yet the wounds of the Captain and three men
were the only injuries they suffered.

No. 5, under Lieutenant Bainbridge, had her lateen yard shot away
early in the action, and so was prevented from making any captures;

but she kept up a steady fire upon the enemy, and, upon their retreat,

pursued them close upon the rocks. Lieutenant Trippe, in No. 6, also

attacking the windward division of the enemy, ran alongside a large

boat and boarded her, with Midshipman Henley and nine men, but his

own boat fell off before more could get over. The Tripolitan had

record of the court. The following letter, found among the Preble papers,

•will throw some light upon the Commodore's view of the case.

To Lieutenant Blake.

" POKTLAND, Sept. 6, 1806.

" Sir: Being on a tour to the eastward, from which I arrived last even-

ing, it has n^t been in my power until now, to acknowledge the receipt of

your letter of the 29th ult. I have ever entertained too great a regard for

your character to have mentioned your conduct to your friends in any other

way but that of candor.
" Captain Somers, who commanded the division to Avhich you were at-

tached on the 3d of August, made his report to me after the attack, and in

my despatch to the Secretary I extracted from that report the very mildest

part. Had I published the whole, or communicated it to the Secretary, it

would have influenced the public mind, as well as the Secretary's, much
against you. I merely observed that No. 3 was to windward (that is, of

Capt. Somers), firing at the batteries and gunboats in the harbor. Of
course I placed you in action with the rest of the squadron, and although*

I observed that had you gone to the assistance of Capt. Somers, some of

the enemy's boats might have been captured in that quarter, still, I did not

infer but that you were as usefully employed as the other vessels of the

squadron. However your feelings may have been aff"ected on reading my
despatch to the Secretary, you may rest assured that I never felt myself
disposed to injure your reputation or do any kind of injustice. On the

contrary, it would aff"ord me pleasure, at any time, should it be in my pow-
er, to render you acceptable services.*******

" Your motives for demanding a court of inquiry were undoubtedly cor-

rect.

" I am, with esteem, Sir, your most obedient servant,

, EDWARD PREBLE."
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thirty-six men on board, and the boarding party of eleven found them-

selves on the deck of a hostile boat opposed to more than three times

their number. It was a perilous moment, but a moment which gave

them no time for seeing the apparent hopelessness of the combat. la

an instant they were engaged in a pell-mell fight, and, almost before

they knew it, fourteen of the enemy were lying dead, and the rest,

twenty-two in number, had surrendered. This astonishing result was

brought about by the sheer pluck and fighting power of the boarders.

Trippe, the commander, received eleven sabre wounds, and three of his

men were wounded ; but, beside these, no one was hurt.

Meanwhile, a constant fire was kept up from the ships and mortar-

boats, upon the town, tlie batteries, and the reserve division of tlie

enemy's gunboats. Twice they attempted to come out, and, joined by

the others which had been deflated by Somers, to rally and renew the

contest; but, each time, they were covered and checked by the fire of

the Constitution. Three of them were sunk in this way, and the decks

of many of them were cleared. Several times the batteries were silenced,

and many shells were exploded in the town.

At half-past four, the wind came round to the north, and made it

dangerous to remain near the shore. The bombs and gunboats were

signalled to retire from action. The wind freshened from the north-

east, and the Constitution tacked, and . fired two broadsides in stays,

which drove the Tripolitaus out of the castle and brought down the

minaret of a mosque. The larger vessels took the gunboats and their

prizes in tow, and at five o'clock the squadron was brought to, two miles

from the batteries. Lieutenant James Decatur was brought on board

the Constitution, and died in a few moments after he reached the ship.

Of all the officers and men engaged in this bloody conflict, he was the

only one killed on the American side. Thirteen * others were wounded.

Thus ended the first attack on Tripoli,—an attack in which the best

results had been accomplished at the smallest cost of life.

The next movement was made on the 7th, the intervening three

days being taken up with repairs. The prizes taken on the od, had

increased the number of gunboats to nine, and some changes had been

made in the officers of the first six. The three new gunboats were com-

manded as follows :—No. 7, Lieutenant William M. Crane ; No. 8,

Lieutenant Jonathan Thorn ; No. 9, Lieutenant James R. Caldwell,

with Midshipman John S. Dorsey, and Midshipman Robert T. Spence.

* The journal says twelve ; but this does not include one marine on board
the Constitution, whose arm was shot away.
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The bombs were ordered to take tlieir position in a bay to the west-

ward and throw shells into the city ; while the gunboats were to silence

a 7-gun battery which commanded the entrance to the bay. At nine in

the morning, the Constitution was at anchor six miles from the city.

The other vessels lay three miles within her. It was nearly calm, but

with a strong current setting in to the eastward. The gunboats and

bombs advanced slowly to the attack with sails and oars. The Constitu-

tion had her topsails and I opgallaut sails set ready for the first breeze ; and

at half-past one, when alight wind sprang up from the north-east, she

weighed and stood in. As the wind was on shore, it was imprudent for

any of the larger vessels to join in the attack : for, if a mast were shot

away, the loss of the ship would probably follow. At half-past two,

the signal was made for the gunboats and bombs to begin the attack,

and they at once opened a heavy fire upon the town and batteries. In

the course of two hours, the 7-gun battery, with the exception of one

gun, was silenced, and the walls were almost wholly destroyed. The

bombs threw about fifty shells into the town, and, though iu an exposed

and dangerous position, suffered no hjss in men.

The enemy's gunboats and galleys were all in motion under the

batteries, apparently with the intention of attacking our flotilla; but

the Constitution, Nautilus and Enterprise were to windward,ready to cut

them off* from the harbor, if they should venture out; while the Siren

and Vixen remained to leeward, to support and cover any of our boats

that might be disabled. The enemy thought it best to remain within

the rocks.

At half past three, one of the prize gunboats, No. 9, was blown up

by a hot shot which j assed through her magazine, and immediately

sank. The explosion killed Lieutenant Caldwell, the commander,

Midshipman Dorsey, and eight petty officers and men. Midshipman

Spence and the rest of the crew were picked up unhurt. Speuce had

charge of the gun which the crew were loading at the moment the

boat was struck, and, though they saw she was sinking, the gun was

loaded, the men gave three cheers, and fired, just as the boat went

down.*

At half-past five, the wind freshened from the N.N.E., and all the

boats were signalled to retire from the action. The total loss in the

engagement was twelve killed, and six wounded ; but among them were

two of the most promising and valuable officers in the squadron. The
gunboats were somewhat cut up, but no serious damage was felt except

* Commodore Preble's official report. Goklsborough, Naval Chronicle, 227.
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in the loss of No. 9. Five liuiulred 24-poiiiid shot had been thrown

into the town, which told severely on the houses and forts.

During the engagement, a strange sail had been seen to the north-

ward, and the Argus was sent iu chase. It proved to be the John

Adams, Captain Chauncey, from the United States. She was the first

of the new squadron. The re-en .brcement, so much needed, and so

long asked for by Commodore Preble, was now on the way, but not in

the form he had hojied. The goverumeut had at last decided to send

out an overwlielming force. As only two captains junior to Preble

were in the United States, and as the law required an officer of tliis

grade for the command of a frigate, the Department had no choice

but to supersede him. The John Adams brought des])atches from the

Secretary, approving his conduct of his command, and expressing the

thanks of the President. But these compliments, however grateful,

could hardly soothe the wounded feelings of the disappointed com'

raander. In his private journal, kept in his own hand in the solitude

of his cabin, and meant only for his own eye, after the account of the

battle, and the arrival of Chauncey, we find this painful entry : "How
much my feelings are lacerated, by this supersedure at the moment of

victory, cannot be described, and can be felt only by an officer placed

in my mortifying situation." But no word of official complaint escapes

him. In his despatch to the Secrstary, he only regrets that the reduced

size of the naval establishment deprives him of the satisfaction of sub-

duing the Pasha, while in the chief command ; and he acknowledges,

with a graceful union of respect and dignity, the expression of official

approval. He says : ''Captain Chauncey brought me the first positive

information that any re-enforcement was to be expected. By him I was

honored with your letters, informing me that four frigates were coming

out, under the command of Commodore Barron, who is to supersede

me in the command of our naval forces in these seas ; at the same time

approbating my conduct, and conveying to me the thanks of the Pres-

ident for my services. I beg you, sir, to accept my warmest thanks for

the very obliging language in which you have made these communica-

tions, and to a.^sure the President that to merit the applause of my
country is my only aim, and to receive it the highest gratification it

can bestow.''

The John Adams had unfortunately left her gun-carriages on board

the other ships, before sailing, and the only assistance she could give

was by re-enforcing the reduced crews of the other vessels. Captain

Chauncey was ordered to remain with the squadron, and, at all the later



76

engagements, he came on board the Coustitution with a large detach-

ment of men.

On the 9fch, a proposal came from the Pasha through the French

Consul, to treat for peace, the ransom of the American prisoners being

fixed at one hundred and fifty thousand dollars. These were the only-

conditions offered. The terms of the last negotiation, made before the

action of the 3rd of August, had been fixed by the Pasha at half a mil-

lion ; and this enormous reduction in his demands had been solely due

to Preble's operations. Nevertheless, the offer was rejected.

Commodore Preble now decided to renew the attack without waiting

for the expected squadron. Ten days of bad weather kept the vessels

away from the coast, and the plan was postponed from day to day.

Meanwhile, Captain Decatur and Captain Chauncey had taken advan-

tage of a favorable night to reconnoitre the harbor, and find out the

arrangement of the enemy's flotilla at night. They rowed in two small

boats to the western rocks, and found the Tripolitan guuboats anchored

in a line abreast from the mole to the Pasha's castle, with their heads to

the eastward. Having obtained the necessary information, the Com-
modore planned a night attack, and on the 24th, at eight o'clock in the

evening, the squadron stood in for the town. At midnight it fell calm,

and the ships remained outside, while the gunboats went in with the

bombs in tow. The bombardment began at two o'clock, and lasted till

daylight, when the boats were drawn off.

For the next four days the weather prevented any operations, but

on the night of the 28th, the attack was repeated with better success.

This time the bombs were not in a condition to be brought into action,

and they remained with the John Adams, Scourge, and transports, at

anchor, seven miles from the town. The Constitution was anchored

two miles to the north-east of Fort English, and the light vessels and
gunboats were ordered to take their position close to the rocks, at the

entrance of the harbor, within grape-shot distance of the Pasha's

castle. All the boats in the squadron were officered and manned,
and attached to the gunboats. At three in the morning, the boats

anchored with springs on, within pistol shot of the rocks, and began a

brisk fire upon the town, forts, and shipping. This was kept up till

daylight. By this time the ammunition on board the boats was nearly

exhausted, and the Constitution weighed and stood in to the harbor, at

the same time signalling to the brigs and schooners to take the gun-

boats in tow, and withdraw from the action. The frigate opened fire

on the enemy's gunboats, which were engaged with our fleet, and, by
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sinking one and disabling two others, caused them all to retreat to the

mole. When she came within musket shot of the mole l)attery, she

brought to, and for nearly an hour poured a steady fire of round-shot,

grape, and canister into the town, the castle, and the batteries. The

castle and two of the batteries were silenced, and a Tunisian vessel was

sunk in the mole. Shortly after 6 A. M., the Constitution hauled off.

During this action the ships suffered only in their sails and rigging,

and tliat not to any serious extent. Not a man was hurt on board the

Constitution. A boat belonging to the John Adams was sunk by a

double-headed shot, and three men were killed. This was the only loss

on the American side. On the other hand, the bombardment did great

damage in the town. According to the account of the master of a

Spanish vessel that came out of the harbor a few days later, the loss

of life and the destruction of property were greater than at any time

before.

The next attack was made on the 3d of September. It was the

fifth regular demonstration made against Tripoli by Commodore Preble,

and the last in which the squadron took part. At two o'clock in the

afternoon, the wind being from the eastward, and the squadron lying

two and one half miles to the N.N.E., the Tripolitan gunboats were

seen working up against the wind in the eastern part of the harbor.

The object of this manoeuvre was to keep to windward of our gunboats,

in case they entered the harbor to attack the town. By this time, the

Tripolitans understoo<l Commodore Preble's tactics so well that they

were nearly certain what to expect in any given state of the wind and

current, and they prepared themselves accordingly. Their manoeuvre

in this case was so far successful that our gunboats were obliged to en-

gage them to windward, while only the bombs were able to take a posi-

from which they could shell the town. The bombs reached their sta-

tion at half-past three, and opened fire. As our gunboats approached,

firing upon the Tripolitan flotilla, the later took refuge behind the reef

of rocks under cover of the forts on this side of the harbor. Near

Fort English and a little to the westward, an earthwork had lately

been thrown up by the American prisoners, working under compulsion.

The two batteries mounted together fourteen guns, and their fire was

now brought to bear upon the American gunboats.

Presently the Siren, the Argus, and the other light vessels came up,

and the action was divided. One division of the gunboats, together

with the men-of-war, attacked the forts, while the other division pressed

the flotilla. Meanwhile, the bombs kept up the bombardment of the
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city, though exposed to a continuous circle of fire from all the batteries

of the inner harbor. Seeing their unprotecterl situation, Commodore

Preble ran down in the Constitution, and brought to, within the bombs,

to divert the enemy. In this position, he'fired eleven broadsides, which

silenced one of the batteries, and did much damage to the town and

fortifications.

The action had lasted about an hour, when the wind increased and

came round to the northward. It was imprudent to remain in position

longer, and signal was made to retire. Fifty shells had been thrown

into the town, and four hundred shot were fired by the boats. On the

American side there was no loss of men, and the vessels, as usual, were

only slightly injured. The Tripolitans were more expert in tactics than

in gunnery.

Dissatisfied with the results of his year of preparation, and his four

weeks of active work. Commodore Preble was eager to take some more

destructive measures against the enemy. With this view, he had ar-

ranged a plan of converting the Intrepid into a fire-ship, or floating

magazine, and sending her in to explode among the Tripolitans. Ac-

cordingly, about one hundred barrels of powder were stowed in her

magazine, and fixed shells were placed in different parts of the vessel.

The magazine Avas to be fired by a fuse, calculated to burn fifteen

minutes. Richard Somers, the Captain of the Nautilus, who had

commanded one division of the gunboats during the whole series of

operations before Tripoli, had volunteered for the dangerous service,

and was put in charge of the Intrepid. He had with him Lieutenant

Henry Wadsworth, of the Constitution. Lieutenant Joseph Israel, also

of the Constitution, who had assisted the two other officers in the prep-

aration of the Intreioid, was allowed to go at his own earnest request.

They took with them two boats, one from the Nautilus, with four men,

the other from the Constitution, with six men.

On the evening of the 4th of September, the day after the last en-

gagement, everything was ready, and the Intrepid got under way and

stood for the western entrance of the harbor. The Argus, Siren, and

Nautilus went with her as far as the rocks, and remained there to pick

up the boats on their return. Though the night was thick and there

was only a faint starlight, the Intrepid was sighted from the Tripolitan

batteries, between the mole and the point of rocks, and they at once

opened fire upon her. She went on her course towards the mole, where

the enemy's gunboats were at anchor, and in a few minutes was out of

sight of the other vessels. Suddenly, before the time allowed had pass-
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ed, before she could possibly have reached her destination, the explo-

sion took place. There was a quick ilash, a sheet of flame, a re})ort;

then the sound of bursting shells, and cries of alarm from the city ; and

then—silence.

What happened on board the Intrepid has, from that day to this,

beeu a matter of conjecture. The three ships remained for hours off

the western passage, but saw uo signs of returning boats or men. The

Tripolitau batteries ceased firing at once, but this appears to have been

rather from panic than from any injury they received. Thirteen bodies

drifted ashore in the course of the next day, and Captain Bainbridge

was taken to see them, but they were all so burnt and disfigured as to

be unrecognizable. There can be uo doubt that they were those of the

oflScers and crew of the Intrepid. As far as is known, no Tripolitaus

were killed by the explosion.

It was supposed by Commodore Preble, that the Intrepid was attack-

ed by one or more of the enemy's gunboats, and that, as they were in

the act of boarding, Somers set fire to the powder, and blew himself

and his enemies up together. His conjecture was founded upon a reso-

lution made by the three oflicers before setting out, not to allow them-

selves or their vessel to be taken by the enemy. The Tripolitaus were

much in want of powder, and Somers had declared that, if he was board-

ed by an overwhelming force, he would fire the magazine. But, though

Somers and the ofiicers with him were quite capable of such an act of

self-devotion, it seems to be at least equally likely, that the Intrepid

was exploded by a shot from the batteries,—as happened to one of the

gunboats in the action of the 7th of August, when Caldwell and Dor-

sey were killed. It appeared to Commodore Preble the next morning,

that one of the enemy's gunboats was missing, and that three more

were disabled and drawn on shore ; but it is possible that in this he

was mistaken. No certain account was' ever given by the Tripolitaus

of the events of the night, and, to this day, it is unknown whether any

injury was inflicted on the enemy.

With this melancholy event Preble's operations came to a close.

The bad season was upon him, when attacks were impossible, and even

blockading dangerous and difficult. The Constitution and two of the

small ships remained off" Tripoli, and the rest of the squadron was sent

into port. On the 10th of September, the President, Commodore Bar-

ron's flag-ship, and the Constellation, appeared in sight, and Preble gave

up his command.

Commodore Barron found his task to all intents accomplished before
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his arrival. For the moment, indeed, nothing could be done : at this

season, Tripoli was secure from the attacks of an enemy, behind her bar-

riers of rocks and shoals ; and any attempt would probably have been

followed by the loss of some of the frigates. But the real work was

already done. The Tripolitans had already lowered their terms under

the stress of Preble's attacks; and in the presence of a force so much
more effective, they might be expected to agree to anything. When
Rodgers, whom Barron's illness placed in command, arrived before

Tripoli in the following spring, our Mediterranean fleet consisted of six

frigates, two brigs, three schooners, a sloop, two mortar-boats, and ten

gunboats. There was no fighting to be done. * The negotiations lasted

a week, and were conducted on board the flagship ; and, on the 3d of

June, the treaty was signed, and Bainbridge and his companions set at

liberty.

In looking back at the events of the war with Tripoli, we are com-

pelled to give the highest credit to the services of Preble. Others were

distinguished by successful exploits which did serious harm to the

enemy, as in the burning of the Philadelphia by Decatur, and, in the

earlier period, the destruction of a large cruiser and the capture of the

Meshuda by Rodgers, and the victory over the polacca, Tripoli, by Ster-

rett,—but with Preble rested the conduct of those operations that

brought Tripoli to terms. The powerful squadron of 1805 had a direct

influence in bringing about the treaty ; but the attacks of the summer
before had spared it the necessity of fighting. Of all the squadrons

sent to the Mediterranean, that which Preble led against Tripoli was

the least adequate to the purpose. A single frigate, supported by five

brigs and schooners whose guns were too light to tell much on solid

walls of masonry, and eight unseaworthy gunboats and mortar-boats,

was a slight force to bring against a strongly-fortified town, filled with

troops, and protected by a circle of heavy batteries and a large flotilla.

Moreover the perils of the harbor, with incessant northerly gales out-

side, and fatal rocks and shoals within, its difiicult entrance, and its

unknown and tortuous channels, made a sudden attack or coup-de-main

impossible. Indeed, at this day, with the full and accurate charts of

* Gen. Eaton's expedition with Hamet Pasha, which resulted in the ca-

pitulation of Derne, doubtless had some influence in bringing the Pasha of

Tripoli to terms; though it is difficult to see how he could have acted oth-

erwise, if Eaton's expedition liad never been undertaken, in view of the

overwhelming naval force.
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the British survey, navigators are forbidden to enter Tripoli without a

pih)t.

Preble's success in inspiring the enemy with a fear of America was

partly due to the officers under him. The foremost of these was Ste-

phen Decatur. Every attempt of Decatur's met with success, and was

carried out with a dash and brilliancy that delighted and dazzled

people. He was a man of greater personal attractions than Preble,

and his exploits appealed more to the imagination, so that he became

the popular hero of the war.

His comrades were not unworthy of him, nor of their commander.

Doubtless the lapse of seventy years adds something to the lustre of our

naval heroes of the past ; but there was gathered at Tripoli, in 1804,

a body of officers that it would be hard to surpass in later history.

There was Macdonoiigh, who won the victory of Lake Champlain

;

Lawrence, the commander of the Chesapeake; Hull, who, in 1812,

carried the Constitution away from a British squadron, and a month

afterwards captured one of his late pursuers ; Stewart, the captor of

the Cyane and the Levant ; Blakely, who sunk the Avon ; and Chaun-

cey, the commander on Lake Ontario. Among the younger officers,

there were Spence and Henley, Charles Morris and the younger Bain-

bridge. They fought for no unworthy object,—the abolition of piracy

in the Mediterranean, and the liberation of their brother officers.

These officers themselves,—Baiubridge, Porter, Jones, and Biddle, were

among the foremost who won distinction in the War of 1812. Among
the great names of this war, there is only one that we miss in Preble's

squadron. To Perry alone is a place wanting in this company of illus-

trious men. He was condemned to inaction in the squadron of Morris

the year before, and he returned with Barron to see the close of the

contest ; but the opportunity that would have called forth all his

talents and all his energies was denied him by fortune.

Of those whose lives were sacrificed to secure this great result, but

one word remains to be said,—a word not to be lightly spoken. Others

perhaps were as brave, others as ready to give their lives for their

country ; but these only were called to make the sacrifice. And one

thing is to be noticed,— they were all young men ; hardly one of them

more than five and twenty. To the enthusiasm and ready obedience of

boys, they joined the courage, and earnestness, and self-reliance of men.

Decatur, killed in a hand-to-hand fight with the Turks ^ Caldwell and

Dorsey, blown up in the heat of an action ; Soraers, after leading his

gunboats with the same coolness and gallantry through six successive
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engagements,—Soraers, and his devoted companions, Wadsworth and

Israel, who volunteered for an enterprise whose danger they well

understood,—all perished in the very flower of their early manhood.

And nowhere more than among the younger officers of the Navy of to-

day should their memory be kept fresh and bright, and the impulses

which moved them be felt in all their strength and fulness. It is for

this, that upon the ground of the Academy, at Annapolis, stands a

monument in their honor ; that not a day passes in which the young

officers who are in training there, fail to look upon the memorial of

their heroism and sacrifice. It stands there for them, that there may

be always before them a bright example of the virtues that form the

high character of a naval officer,—the virtues of obedience and cour-

age, of self-control and selfdevotion. And, if there are those in the

service now, who are prone to murmur against the old Navy, to forget

all that was generous and gallant in the service of other days, and to

make light of the records and traditions of a glorious past, let them

at least hold in reverence and honor the names of the officers who

fell before Tripoli.
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JOURNAL BEFORE TRIPOLI.

Tuesday, 24th July, 1804.

Light airs from tlie westward. Squadron iu company. At 10 P. M.,

fresh breezes from S.E., which soon changed to S.W.

A. M. Ordered all the water-casks on l)()ard the gunboats and

bomb-vessels to be filled from this ship. It is a necessary precaution in

case of separation, as they carry only six days' allowance of that

article.

At noon, Tripoli bore S.W. by S., sixty miles.

Wednesday, July 25, 1804.

Wind E.N.E. We completed watering the bombs and gunboats.

At 2 A. M., fell in with the Siren. At 4, saw the Argus and Enter-

prise. At 6 A. M., wore ship off shore, with the wind S.E., a heavy

sea heaving on the coast. Tripoli in sight, bearing by compass S.W.,

distant 15 miles. At 8, the Argus and Enterprise joined company.

Made the following disposition for towing gunboats and bombs, viz.,

—

Constitution, the two bombs ; Argus, Nos. 2 and 3, gunboats ; Siren,

No. 5 ; Vixen, No. 6 ; Nautilus, No. 1 ; Enterprise, No. 4. With this

arrangement, I presume that we shall be able to tow them off shore in

case of a norther.

]\[ade signal for all captains, and delivered them the orders of sailing.

Lat. obs., 33° 10' N.

Thursday, 26th July, 1804.

Wind N.N.E. to N. E., and a heavy sea setting on shore, which

makes it imprudent to approach near the coast. Tripoli bears S.S.W.,

about five leagues. At 5 P. M., saw the Scourge in the S.W. We
stood to the eastward by the wind all night. At 9 A. M., wore and

bore up to the W.S.W. The Siren joined company. Our squadiou

now consists of one frigate, three brigs, and three schooners, men-of-

war, two bombs, and six gunboats,—in all, fifteen sail, beside the store-

ship. The whole are now in company. At noon, the squadron be-

calmed eight miles from the land, and about five leagues to the east-

ward of Tripoli, a heavy sea setting on shore. Lat. obs., 33° 7' N.

Feiday, 27th July. 1804.

Wind N.E., light breezes ; squadron iu company. Hoisted out the

large cutter ; rigged and armed her. Beat to quarters to scrape and

blacklead the axle-trees and trucks of the gun-carriages. Continued
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to steer for Tripoli till seven o'clock, when we shortened sail and

brought to, four miles from the land, Tripoli bearing by compass W.
by S., about five leagues. Sounded 55 fathoms, sandy bottom. "Wind

E.N.E. to S.E.

All night lay with main-topsails aback, head off shore. At half

past four A. M., wore and stood to the S.W. for Tripoli. Land in

sight to the eastward of the town, seven or eight leagues. We have

had a strong easterly current all night. At noon, wind E.N.E., Trip-

oli bearing S.W. J W., four leagues distant. A heavy swell heaving

towards the land. Surgeons report 1 sick, 3 convalescent, 1 discharged

from sick list. Delivered to each commander the orders for anchoring

before Tripoli on our arrival off the town, viz.: the fleet to anchor in

two columns, in lines parallel with the shore, which trends about east

and west; the in-shore column to consist of the Argus, Constitution,

Vixen, and Siren, at two cables' length asunder, the Argus to the east

and Siren to the west of the line ; the outer column two cables to the

south, and to consist of the Nautilus to the west, Enterprise, centre,

and Scourge to the east ; Storeship 4 cables' length to the southward

of the outer line ; the Constitution to lead in and anchor first.

Saturday, 2Sth July, 1804.

Moderate breezes from the S.E. and pleasant. Standing in for Trip-

oli at 1 P. M., observed the batteries manned, an encampment of troops

along the south side of the bay, and nineteen gunboats in motion, all

pulling out of the harbor toward us. Three-fourths past 1, the wind

sliifted suddenly from the S.E. to N. At 3 P. M., we came to with the

small bower in twenty fathoms' water, two and one-half miles from the

shore, the round water battery in range with the Pasha's castle. The

boats all under way, but the wind blowing directly on shore, and in-

creasing, they returned into port. The squadron all came in and an-

chored in order, with the gunboats made fast to their stern. At 5, the

wind and sea increasing so much as to make it dangerous riding, made

signal for captains. They all came on board. At 6, the captains all

returned to their respective ships. As it was thought prudent to get

under way, made the signal to prepare. At 7 P.M., signed to weigh.

At half past 7, they were all under way. At 8, we weighed and

stood to the N.N.W.; wind N.E. and more moderate, but an increasing

sea. At 10 P. M., several of the fleet in sight. Stood off to' the N.N.

W., all night. At daylight, wore and stood for Tripoli ; wind E.N.E-

At 11, hauled off to the northward, and brought to, to discharge the
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store-sliip of water and provisions, and to supply the squadron with

powder, shot, and other military and naval stores. Lat. obs., 33° 3' N.

Sunday, 29th July, 1804.

Wind N. E. Lying to with the squadrou, discharging the store-

ship. Tripoli bearing S.S.W., distant four leagues. The sea too rough

to approach the town with our bombs or gun-boats. At 7 P. M., closed

the squadron, Tripoli in sight, bearing S. i W., six leagues. Hoisted our

boats in, lay to all night ; wind strong from E. by S., and a very

rough sea. The weather we have experienced for several days past

has been uncommonly tempestuous for the season. At 5 A. M., made
the signal to wear ship and bring to, the wind on the larboard tack.

We wore, and 3d-reefed the topsails, wind S. E. by E. At 10 A. M.,

land about Tripoli in sight, S. by E., five or six leagues distant. At
11, the wind abated. Took the storeship in tow, to facilitate the dis-

charging her cargo. Brought to with the squadron. Sent boats with

officers and men, to assist furnishing the necessary supplies for the

men-of-war. At noon, wind E. by S., strong breezes. Observed in

Lat. 33° 9' N. Supposed Tripoli to bear south,, five leagues, but the

atmosphere so close and thick that we cannot see the laud.

Monday, 30th July, 1804.

Wind E.S.E., moderate, but a heavy swell. The boats of the squad-

ron employed in discharging the storeship, but the sea so rough as to

render our progress rather slow. Sent fuzes, clay putty, quick-match

for the shells on board the bombs, and shot on board the different ves-

sels to which the gunboats are attached. At 7 P. M., it blew a fresh

gale. Cast off the storeship, and in boats. Fdled away to the south-

ward. At 8 P. M., wore with the squadron, and stood to the N.N.E.,

wind east, under double-reefed sails. Stood off all night. At 5 A. M.,

wore to the northward, and stood for the land. Wind from E. to

S.E., variable. At noon, observed in lat. 33° 10' N., Tripoli bearing

S. by E., six leagues distant.

Tuesday, July 31, 1804.

Wind E.S.E. to N.E., very variable, and a rough sea. Standing to

the southward by the wind under double-reefed topsails, squadron

all in sight. At 1 P. M., saw the city of Tripoli, bearing S. by E. A

E., distant five leagues. Stood in with the wind E.S.E. until 4 P. M.;

Then wore ship to the northward, Tripoli S.S.E., three leagues. At

i past 6 P. M., the wind shifted to the N.E. by IST., and blew a gale.

Split our foresail and main-topsail. Sent down top-gallant yards, and
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made the signal for the squadron to do the same. Unbent the split

sails, and brought others to the yards. By 8 P. M., we were under a

reefed foresail and close reefed main-topsail, the wind blowing very

heavy, and a rough sea. From 8 P. M. to 2 A. M., the wind veered

round gradually to the S.E., until it got to E. by S.; then shifted sud-

denly in a squall to the N.N.E. Stood to the N.AV. UHtil daylight

;

then wore to the S.E., and made more sail ; the squadron all in sight,

but much scattered. At noon, wind N.E. by E., steering S.E. by E.

Lat. obs., 33° 18' N., Tripoli bearing by calculation S.S.E. 2 E.,

twenty-eight miles. I ordered the foresail and main-topsail which

were split last night to be ripped out of the bolt-rope, and turned in

to the sailmaker as old canvas, considering them not trustworthy.

Wednesday, 1st Aug. 1804.

"Wind N.E. Steering by the wind on the larboard tack, all the

squadron iu sight. At half-past 3 P. M., Tripoli in sight bearing

S. by E., the weather very unsettled and a rough sea. Wore ship to

the N.N.W. At 5 P. M., made the signal for the squadron to close

to pre\ent separation. In the night the wind moderated. At 5 A. M.

wore to the S.E. At 8, sent up top-gallant yards, out large boats, and

completed discharging the storeship. At noon, we observed in lat. 33°

13' N., Tripoli bearing S.S.E., seven leagues distant. Wind E.N.E.,

Thursday, 2d August, 1804.

Wind E.N.E. Supplied the vessels of the squadron with a large

quantity of provisions and stores. In the evening the wind came from

the S.E. Stood to the E.N.E. all night. In the morning, calm. Or-

dered Lieut. Dent, Commander of the Scourge, with thirty of his crew,

to join the two bombs, which, with the Neapolitans on board of them,

completes their crews. Ordei'ed Lieut. Wadsworth and Mr. Morris,

Master of the Scourge, to join this ship, Wadsworth to do duty as

Lieutenant on board, and Morris to serve in the boats.

Sent off the storeship to Malta, under convoy of the Scourge, in

charge of Lieut. Izard, who is to see her safe into some port iu Malta,

and return to this station. The Scourge has thirty-six men on board,

including officers. At noon, lat. 33° 11' N. Discharged from the ser-

vice LewMs, a seaman, and sent him to Malta in the storeship, on ac-

count of indisposition and his pleading that he was a Frenchman.

Tripoli bears S. by E., distant six leagues.

Friday, 3d Aug. 1804.

Wind E.S.E. to E. by N. Exercised the bomb vessels, and threw



87

some shells. Fresh breezes and pleasant. During the night we had

fresh gales ; lay to, with the ship's head to the N.E. In the morning,

wore and stood for the land, Tripoli about four leagues distant, bear-

ing S.S.W. At 8 A.M., wind E. by N. At noon, we were within two

miles of the city of Tripoli, which is defended by batteries mounting

fiixty-seven heavy cannon pointing seaward, and twenty-two gunboats,

each carrying a piece of heavy brass ordnance, besides small cannon,

muskets, pistols, pikes, etc., and manned with thirty to fifty men each.

They have also an armed brig, and two armed schooners in the port,

full of men. I made the signal to wear and haul off, and immediately

after the signal to come within hail. Cleared the ship for action, beat

to quarters, and made signal to prepare for battle, intending to attack

their gunboats and the city, as I observed their boats without the

rocks.

Saturday, 4th Aug., 1804.

Wind E. by S., standing off shore on starboard tack, the signal out

to come within hail. Spoke the different vessels, and acquainted their

commanders that it was my intention to attack the shipping and batter-

ies, and directed the gunboats and bombs to be prepared for immediate

service.

At half-past 12 P. M., tacked and stood for the batteries. Backed

the main-topsail. At half-past one P. M., made the general signal to

follow the motions of the Commodore. Filled the main-topsail and

stood in towards the batteries. At quarter past two, made the signal

for the bombs and gunboats to advance and attack the ships and batter-

ies. At half-past two, general signal for battle. The whole squadron

advanced within point-blank shot of the enemy's batteries and shipping,

our gunboats in two divisions; the first consisting of three boats com-

manded by Captain Somers, the second of three boats, by Captain De-

catur. At f past two the action commenced on our side by throwing

a shell into the town, and in an instant the whole squadron was en-

gaged. The enemy's gunboats were anchored with springs on, in three

divisions. The eastern or van division consisted of nine boats, the

centre of seven boats, and the western or rear of five boats. As the

wind was from the eastward, our boats were ordered to lead in to wind-

ward, and attack the enemy. The rear and centre divisions of the

enemy's boats are close under their batteries, and the van division,

consisting of their largest boats, is within grape distance of the Pasha's

castle and Fort English. At 3, observed our gunboats in close action

with the enemy's boats, while a tremendous fire was kept up by this
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Trippe of No. 6, and Lieut. Baiubridge, of No. 5, and Lieut. James

Decatur, of No. 2, attacked the enemy's boats within pistol shot. No.

1, Capt. Somers, fell to leeward, but fetched up with the enemy's rear

of five boats, which he gallantly attacked, disabled, and drove in,

although within pistol-shot of the batteries. No. 3, Lieut. Blake, did

not go into close action. Had he gone down to the assistance of Capt.

Somers, it is probable they would have captured the rear boats. Capt.

Decatur boarded, and after a stout and obstinate resistance, took

possession of two of the enemy's gunboats. Lieut. Trippe boarded and

carried a third. Lieut. James Decatur, in the act of boarding to take

possession of the fourth boat, was shot through the head and mortally

wounded. The officer next in command, Mr. Brown, hauled off". Lieut.

Bainbridge had his lateen-yard shot away early in the action, which

prevented him from taking a boat, but he galled the enemy by a

steady fire within musket-shot. Indeed he pursued the enemy until his

boat touched the ground under the batteries. The bombs kept their

stations, which were well chosen by Lieut. Dent and Lieut. Robinson,

who commanded them, and threw a number of shells into the town,

although the spray of the sea occasioned by the enemy's shot almost

covered them. Three different times the enemy's gunboats rallied, and

attempted to surround ours. I as often made the signal to cover them,

which was properly attended to by the brigs and schooners ; and the

fire from this ship not only had the desired effect on the enemy's flotilla,

by keeping them in check and disabling them, but silenced one of their

principal batteries for some time. At i past 4 P. M., made the signal

for the bombs to retire from action out of gunshot ; and a few minutes

after the general signal to cease firing, and tow out the prizes and dis-

abled boats. Sent our barge and jolly-boat to assist in that duty.

Tacked ship, and fired two broadsides in stays, which drove the Trip-

oliues out of the castle and brought down the steeple of a mosque.

By this time the wind began to freshen from N.E. At 4 f P. M.,

hauled off" to take the bombs in tow. At 5 P. M., brought to, two

miles from their batteries. Received Lieut. James Decatur on board

frorai gunboat No. 2. He was shot through the head, in boarding a

Tripoline boat which had struck to him. He expired in a few moments
after he was brought into the ship. We lay to until 10 P. M., to re-

ceive the prisoners on board captured in the prizes ; then made sail

and stood off" to the N.E., the wind varying to the E.S.E. We have
all the surgeons of the squadron on board, dressing the wounded.
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During the action we fired two-lumdrerl and sixty-two round shot, be-

side grape, double-head, and canister, from this ship, and were several

times within three cables' lengths of the rocks and batteries, where our

soundings were from ten to sixteen fathoms. The officers, seamen,

and marines of the squadron behaved gallantly throughout the action.

Capt. Decatur, in gunboat No. 4, particularly distinguished himself;

as did Lieut. Trippe of No. 6. Our loss iu killed and wounded has

been considerable.

The damage we received in this ship is a twenty-four pound shot

nearly through the centre of the mainmast, thirty feet from the deck,

main-topgallant R. yard* and sail shot away, one of the fore shrouds

cut away, the sails and running rigging considerably cut. One of the

twenty-four pounders on the quarter-deck was struck by a twenty -four

pound shot, which damaged the gun and carriage, and shattered the

arm of a marine to pieces. Gunboat No. 2 had her lateen-yard shot

-away, and the rigging and sails of the brigs and schooners were con-

siderably cut. We captured three gunboats, two of which carried

each a long brass twenty-four pounder and two brass howitzers, and

thirty-six men, with plenty of muskets, pistols, pikes, sabres, &c. The

other mounted a long brass eighteen pounder and two howitzers, and

[had] twenty-four men. Forty-four Tripoliues were killed ou board

of the three boats, and fifty-two made prisoners, twenty-six of which

were \vounded, seventeen of them very badly ; three of which died

soon after they were brought ou board. The enemy must have suffer-

ed very much iu killed and wounded among their shipping, and on

shore. One of their boats was sunk in the harbor,"!" several of them

had their decks nearly cleared of meu by our shot, and several shells

burst in the town, which must have done great execution.

We have lost in killed and wounded, viz.:

Killed. Wounded.

Lt. James Decatur. Capt. Decatur, slight.

Lieut. Trippe, severely.

10 seamen and marines wounded.
Total. 1 officer killed.

2 officers wounded.
10 seamen and marines wounded.

is"

* Main-topgallant and royal yards?

t Preble's official report mentions three of the enemy's boats that were
sunk.
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Sunday, 5th August, 1804.

Fresh breezes, E. by N.; at anchor, seveu or eight miles from the

city of Tripoli, bearing south. Squadron and prizes in company. Every

cue busily employed in preparing for another attack on Tripoli. The
Argus in chase of a s'uall vessel to the westward. At 1 P. M., the

Argus brought the chase within hail and anchored. She is a French

privateer of four guns ; sailed from Tripoli this morning, and brought

me letters from the French Consul. The Captain informed me that he

put into Tripoli for water, being in distress for that article. I pre-

vailed on him for a consideration to convey fourteen badly wounded
Tripoliiie prisoners to Tripoli, which I put on board him with a letter

to the French Consul, and one to the Prime Minister. At half past

one P. M., made signal for all Captains. At two P. M., the body of

Lieut. James Decatur was committed to the deep with the usual mil-

itary honors. His funeral was attended by the officers of the squad-

ron. At 6 A. M., the French privateer weighed and stood in to the

harbor. Ordered our three spare top-gallant masts, for masts for the

prize gun-boats ; all hands employed in rigging and fitting them for

service. They each carry a brass cannon of twenty-seven pound ball,

and two brass howitzers. Caused general orders of thanks to be read

on board each vessel of the squadron.

Monday, 6th August, 1804.

At anchor, two leagues north of Tripoli with the squadron. Era-

ployed the ship's company in fitting the prize boats and supplying the

squadron with provisions, water, and military stores. All the sail-

makers in the squadron are employed in making sails for the prizes.

The Vixen was kept under way all night, making false signals to

alarm the enemy. At noon, wind N.N.W.

Tuesday, 7th August, 1804.

Wind N. by W., cloudy ; at anchor off Tripoli. Making arrange-

ments for a second attack. At half past one, made signal to pre-

pare to weigh, but falling calm, annulled the signal. In the evening

the French privateer came out. At eleven, the French captain

came on board with a letter from the Consul of his nation, in which

he says our attack of the third has disposed the Pasha to accept

of reasonable terms, and invites me to send a boat to the harbor as

a flag ; but as no specific sum is mentioned, and no security for

the boat can be depended on, I declined the invitation. At nine

A.M., the squadron weighed per signal, and stood in shore towards the
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woptern batteries. The gunboats, nine in number, witli the addition

of the prizes, now completely fitted and manned, and commanded by-

Lieut. Crane of the Vixen, Thorn of tlie Enterprise, and Caldwell of

the Siren. The wliole advanced with sails and oars, with orders to at-

tack the western batteries, and throw shells into the city. At this

time we were at anchor six miles from the city, calm, and a current so

strong to the eastward, that [we] remain at anchor. Our topsails and

top-gallantsails are set ready for the first bi^eeze ; the Argus, Siren,

Vixen, Nautilus, and Eater[)rise, becalmed, three miles within us
;
gun-

boats and bombs advancing to the attack.

Wednesday, 8th August, 1804.

At anchor, six miles N.N.E. from Tripoli, becalmed. The gunboats

and bombs advancing with all their sweeps. At i past 1, a light

breeze from the N.N.E. We immediately weighed and stood in for

the town, but, the wind being on shore, could not, with prudence, at-

tack or allow any of the sijuadron to attack the batteries, as, in case of

a mast being shot away, the loss of the vessel would probably ensue.

At i past 2 P. M., made the signal for the gunboats and bombs to attack

the batteries and town fi'om the west, when they immediately opened

a tremendous fire, within half-cannon-shot of the town, and less thau

that distance of the battery of seven heavy 24-pouuders. This battery

in less than two hours was silenced, excepting one gun. I presume

the others were dismounted, as the walls were almost totally destroyed.

The bombs were well and effectually employed by Lt.-Com'd't Dent

and Lt. Robinson, of the Constitution. Lieut. Robinson, from a dan-

gerous position he took, threw 28 shells into the town, but the well-

directed fire of heavy artillery from the enemy obliged him to shift his

station, not, however, until the clothes of every man in the boat were

wet through with the spray of sea which the enemy's shot threw over

them. Lieut. Dent threw 20 shells from a position not so favorable as

Lieut. Robinson's, but which a strong westerly current in shore would

not allow him to change. At i past 3 P. M., a frigate in sight in the

offing, standing for the town. Made the Argus's signal to speak ; or-

dered her to chase the sti-ange sail. At * past 3 P. M., the magazine

of one of our gun-boats, No. 9, blew up, and she immediately sank. She

had on board thirty officers, seamen, and marines, ten of which were

killed and six badly wounded. Among the killed were Lieut. J. R
Caldwell, first of the Siren, and Mr. Dorsey, midshipman, two good

officers. Mr. Spence, midshipman, and thirteen men were picked up
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unhurt. The enemy's gun-boats and galleys, seven in number, are all

in motion uuder their batteries, and appear to meditate an attack on

our bombs and gun-boats.

Ordered the Argus, Nautilus, and Enterprise to windward in reserve

to cut them off from the harbor, if they should attack; and the Siren

and Vixen to leeward to support and cover any of our boats that

might be disabled. Kept to windward with the Constitution, ready

to bear down and support the whole. At * past 5 P. M., the wind

began to biow fresh from the N.N.E. Made the signal for bombs and

gunboats to retire out of gunshot of the enemy, and be taken in tow

by their respective vessels. At 6 P. M., the Argus made signal. that

the strange sail was a fi-ieud. In the action of this day, No. 6, Lieut.

Wadsworth, had her lateen-yard shot away ; No. 4, Capt. Decatur, a

shot in the hull: No. 8 lost two men killed by a cannon-shot. Some

of the other boats received trifling damage. The gunboats fired about

60 rounds each. The enemy must have lost many men, and the build-

ings in the city must have received considerable damage from our shot

and shells. All the ofllcers and men engaged in action behaved gal.

lantly. At f past 6, all the boats were in tow, and the squadron

standing off to the northwest. At 8, the John Adams, store-ship,

Capt. Channcey, joined company. At 9, being N.W., about five miles

from Tripoli, made signal to anchor, and came to with the squadron

in thirty-five fathoms water, hard bottom. Capt. Chauncey came on

board, and brought me dispatches from the Navy Office, announcing that

four frigates, the President, Commodore Barron, who is to supersede

me in the command of the Mediterranean Squadron, the Congress, Capt.

Rodgers, Constellation, Capt. Campbell, and Essex, Capt. Barron, weie

ready, and would sail in a day or two after the John Adams. Captain

Chauncey brought me a letter from the Navy Office, approving my con-

duct, and stating tJiat the supersedure had been necessary to enable them

to send the frigates out, as only two junior Captains to myself were in the

United States, lie also brought me the thanks of the President for

my services, which have been conveyed to me by a letter from the

Secretary of the Navy. How much my feelings are lacerated by this

supersedure at the moment of victory cannot be described, and can be

felt only by an officer placed in my mortifying situation.

Gave Capt, Chauncey orders to remain with the squadron for the

present,

Thursday, 9th August, 1804,

Wind N.W. At anchor with the squadron, N, W, from Tripoli,
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five or six miles. Supplying the gunboats and boinb-vcsscls with

amnuuiition aiul stores. At 3 P. M., went on board the Argus to

reconnoitre the harbor of Tripoli. Stood in for the eastern batteries.

The enemy fired several shots, one of which was near sinking us, as it

struck below the water-line, and raked the copper down the l)ottom.

At 3'. P. M., made the signal for the squadron to weigh and haul off,

the wind blowing fresh from the N.N.E. At G P.M., joined the Con-

stitution. A small ketch stole into the harbor under the eastern shore,

while we were reconnuitering. The shoals prevented our cutting her off.

Fresh breezes all night ; in the morning, calm. At 9 li. M., anchored

with the squadron, 36 fathoms, five miles N.N.E. from the town. At

10 A. M., the French Consul hoisted a French flag and a wliite flag

under it, at his flag-staff on shore; in consequence of which I hoisted

similar colors on board the Argus, and stood in near the town, and sent

a boat into the harbor with a flag of truce, and a letter for the Prime

Minister, one for Captain Bainbridge, enclosing an invoice of clothing

provided by Mr. Cathcart, and a letter to the French Consul. The

Scourge joined company. Lieut. Izard reported that he convoyed the

store-ship safe into Malta.

Friday, 10th August, J 804.

Wind N.N.E. to E.N.E. At anchor, two leagues N.N.E. from

Tripoli. All the squadron at anchor, except the Argus and Vixen as

guardships. At half past 12, noon, observed the French flag with a

white flag under it, hoisted at the staff on top of the French Consul's

house in Tripoli. I ordered the Argus and Vixen to answer the signal

by hoisting similar flags. I then sent a boat into the harbor with a

flag of truce. Mr. O'Brien went in as officer of the boat. At 3 P. M.,

the boat returned, and brought me a letter from the French Consul,

advising me to offer the Pasha one hundred and fifty thousand dollars

for ransom of the prisoners, and make peace. Tiiis I did not think

proper to do, presuming that our government might not be satisfied

with the terras, although it is my opinion that we shall not be able to

obtain them for a less sum.

Moderate all night. All the squadron employed in preparing for a

third attack. At 11? A. M., the French Consul hoisted the French

and white flag. Sent a boat into the harbor with a flag of truce and a

letter, authorizing the French Consul to offer the Pasha one hundred

thousand dollars for ransom of the prisoners, ten thousand as a consular

present, nothing for peace, and no tribute. These terms were rejected.
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Saturday, August 11, 1804.

Wind E. by N., light breezes. Held commuuication with the French

Consul in Tripoli, by means of a flag of truce, but without any effect.

The Pasha's demands are too extravagant to be complied with. Re-

ceived on board sundry stores from the John Adams.

Sunday, 12th August, 1804.

Moderate breezes, E. by N. Lying to, three or four miles to the

N.N.E. of Tripoli, the John Adams at anchor, two leagues out, to

prevent the Tripoliues from discovering that she has but a few guns.

Every thing is in order tliroughout the squadron for an attack on

Tripoli this night. The enemy has two galleys, a schooner of 10 guns,

and sixteen gunboats moored in the harbor, in a line abreast from east

to west, heads to the northward, to defend it. A swell heaving on

shore prevents our attempting any thing at present. Anchored in 26

fathoms water, Tripoli bearing south three miles. From daylight to

7 A. M., calm. At 8, a breeze from the N. by E. The swell increas-

ing, ordered all the squadron under way, to stand off from the land.

Monday, 13th August, 1804.

Wind N.E.; a heavy swell setting on shore. Hauled off to the

N.N.W. with the squadron. At 6 P. M., signalled to close, to prevent

separation. At 10, the wind veered to the E.S.E. Hauled up to the

N.E., and stood 6ff all night under easy sail. At 4 A. M., wore ship,

and stood fur the land. At daylight, Tripoli in sight, bearing S. by

W., five leagues distant. We are now waiting for a favorable night to

attack Tripoli. The wind must be to the southward of east, and sea

perfectly smooth, to enable us to attack with any prospect of success.

At noon, Tripoli bears S. by W., five miles ; wind E.N.E. and a favor-

able swell setting on shore.

Tuesday, 14th August, 1804.

Wind E. by S. ; standing off and on, four or five miles from Tripoli.

At 6 P.M., all the squadron were in close order, ready to jDush in after

dark. The John Adams manoeuvred several deceptions, per signal,

for weighing and standing in with the squadron, but, as soon as dark,

she was ordered to hand sails, and remain at anchor. Capt. Chauncey,
with several of his officers, 250 seamen and marines, came on board as

volunteers for the attack. At 9 P. M., the wind freshened from E. by
N., and increased the sea so much as to make an attempt imprudent.

I accordingly stood offshore, and anchored in thirty-seven fathoms

water. Captain Chauncey, with his officers and men, returned to the
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John Adams. Two of our gunboats carried away their lateen-yards

;

sujjjilied them with new ones. We had strong breezes all uiglit and

until noon. Lat. observed 33° 2' N.

Wkdnesday, 15th August, 1804.

Strong breezes from the E.S.E. At anchor, six miles to the north

of Tripoli. Ordered the Vixen to cast off her gunboats, and look out

to the eastward, and the John Adams to take her boats in tow. At 4

P. M., down royal and top-galhiut yards. Fresh breezes through the

night. At 10 A. M., wind E. by N., and a rough sea. Latitude ob-

served 33° 2' N.

Thursday, 16th August, 1804.

Fresh breezes from the E. by N. At anchor, N. by E. i E. from

Tripoli ; all the squadron at anchor, except the Vixen, on the lookout

to the eastward. At 8'} P. M., the Enterprise sailed for Malta, under

command of Lieut. Lawrence, with letters for Mr. Higgins, directing

him to send transports with water and vegetables. The scurvy has

made its appearance among the men on board some of the vessels

of the squadron, and our fresh water is getting short. Surgeons report

six sick, and four convalescent.

Friday, 17th August, 1804.

Moderate breezes from the E.N.E., and pleasant weather. At anchor,

five miles to the N. by W. of Tripoli. At 3 P. M., <.%l all boats, and

armed them for an attack. At 5 P. M., all the squadron, excepting

the John Adams and Scourge, were under way, standing for Tripoli.

By this time, the wind had veered to N.E. by E., and the current set-

ting strong to the westwai-d. In the evening, Capt. Chauncey, with

several officers, and 250 seamen, from the John Adams, came on board,

volunteers for the intended attack. At 7 P. M., we were four miles

from the town, tacking and manoeuvering the squadron, waiting for the

wind to come from the E.S.E. From 8 to 9 P. M., we stood in for the

batteries, with a light breeze from E. by N. At 9|, almost calm, the

town bearing S. by W., the batteries fired eleven shot at us, which fell

short. The current setting to the S.W., pressing us down on the west-

ern batteries, and the wind very light, I thought prudent to haul off.

At 11 P. M., wore ship, and stood in again for the town, in hopes the

wind might increase. The enemy fired fourteen shot at us from their

batteries, which fell short. It being by this time past midnight, and

almost calm, hauled ofi", and at 1, made the signal to anchor, and came

to in twenty-five fathoms, Tripoli S. by W., three miles distant.
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Saturday, 18th August, 1804.

Wind N.E. "We are at anchor, three miles N. by E. from the town

of Tripoli. We have our guns all clear, boats all out and armed, and

everything prepared for an attack, the moment the wind and sea are

favorable. At 8 P. M., I sent Capt. Decatur and Capt. Chauncey, in

two small boats, to reconnoitre the harbor, and examine the situation

of their gunboats. At midnight, they returned and reported that they

rowed to the western rock, within musket-shot of the enemy's sentinels,

and that all the gunboats were in the mole, moored in a line abreast,

with heads to the eastward. By 1 A. M., the wind had shifted to the

S.E., which blows out of the harbor, the sea was smooth, but the cur-

rent strong to the westward, which concludes us to defer an attack un-

til some better opportunity, as the boats would not be able to reach

their stations before daylight. At daylight, the wind suddenly shifted

to the N.N.W., which immediately brought a heavy swell on shore, the

sky was clouded, and appearances of a gale. Made the signal for the

fleet to weigh, and gain an offing. At 7 A. M., weighed, and made sail

to work offshore. At 11 2 A. M., double-reefed the topsails; fresh

breezes, and rough sea, Tripoli S. by E., three leagues distant.

Sunday, 19th August, 1804.

Wind N.W. At 1 P. M., wore to the N.E., and brought to for the

squadron. Cap^ Chauncey, with his officers and crew, rejoined the

John Adams. Hoisted in all our boats, and made signal for all boats

to join their respective ships. At 5 P. M., the wind north; stood to the

E.N.E., with the fleet. At midnight, wore to the W.N.W. Signal was

made for the squadron to do the same. Fresh breezes and rough sea.

At 6 A. M., sounded 75 fathoms of water, sandy bottom. We have

now an offing of eight or ten leagues from Tripoli.

Moderate breezes all the forenoon, with an ugly swell setting towards

the coast. Tripoli at noon bore S. by W. 2 W., nine leagues distant.

The clouds are dispersing, and the weather appears favorable for a

change of wind. Latitude observed, 33° 19' N.

Monday, 20th August, 1804.

Moderate breezes from the N.E., with a heavy swell setting to the

N.N.W. Standing to the N.N.W., with the fleet, Tripoli bearing S.S.

E., nine or ten leagues. At 1 P. M., a strange sail was discovered from

the John Adams in the E.N.E. Made the Argus's signal to cast off

her gunboats and chase. Made the John Adams's signal to tow the
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Argus's boats. At 4 P. ]\I., the Argus brought the chase to. Marie

the signal to briug her down to me. At 6, the Argus ami chase joined

company. She proved to be the U. S. Ketch Intrepid, from Syracuse,

with water and fresh stock for the squadron. She brought me letters

from ;Mr. Dyson and Mr. Higgins. The latter informs me that an Eng-

lish vessel left Malta the 12th iust., with a hundred and ninety butts of

water, and some live stock, for the squadron. We are in great want of

the water, but I fear some accident has happened to her, to prevent her

arrival, as the wind has been constantly fair for several days past. At

12, midnight, the wind E. by S., steered to the S. by E. At 2\ A.M., the

wind S.S.E., wore ship to the E. At Si A.M., wind S.E., wore to the

S.S.W. At 8 A.M., all sail set for the land. At 9 A.M., ordered the

Argus to the eastward, to look out for the storeship expected from Mal-

ta. Sent the Vixen to the westward on the same errand. Ordered all

the fleet on allowance of water, two quarts per day, cooking and grog

water included ; the prisoners at 1 quart per day, which is more than

an equal proportion, as they are not exposed to the sun, and have no

work to do. At noon, we were about five leagues from the coast,

Tripoli bearing S.E. by S., latitude 33°4' N.

Tuesday, 21st August, 1804.

Moderate breezes from the E.S.E., and pleasant weather. Standing

in for the coast of Tripoli. All the squadron in company excepting

the Argus, on the lookout to the eastward. At 1 P. M., the town of

Tripoli in sight, bearing by compass S.E. by S., four leagues. An un-

expected westerly current has carried the squadron four or five leagues

further to leeward than we expected. Carrying a press of sail all

night to gain our station oflT the town. Wind variable in the night.

By 7 A. M., the wind had shifted from E.S.E. to S., Tripoli bearing

S. W. by S. five leagues. At 9 A. M., saw a strange sail in the S.E.

quarter. Gave chase ; made signal for the Argus and Vixen to chase,

the other vessels of the squadron repeating. At IH A. M., they bore

up to comply with the signal.

Wednesday, 22nd August, 1804.

Wind W.N.W., light breezes. In chase to the S.E. Made signal

for the John Adams to act discretionary. At 3 P. M., brought to the

chase, a Maltese ship, from Malta, with a supply of water, live-stock,

and vegetables. At 5 P. M., wind shifted to the S.E. The Argus was

ordered to tow the store-ship. At 7 P. M. we were four leagues from
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Tripoli, standing for the John Adams ; Siren, Scourge, and Nautilus at

anchor.

[At this point. Commodore Preble's MS. comes abruptly to an end.

For the remainder of the operations before Tripoli, the reader is re-

ferred to Preble's official report to the Secretary of the Navy, published

in the American State Papers, Naval Affairs, 1. 133, and in Golds-

borough's Naval Chronicle.]
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:

Before touching upon the changes-which have been effected in

our own day in the burning qualities of gun-powder, I have thought

it might not be uninterestiug to present a short outline of the experi-

ments of the early investigators. This may also aid us in appreciat-

ing the line of thought adopted in later years, as progress in science

has furnished additional tools to work with.

The problem forced itself into prominence with the earliest improve-

ments in artillery, but there are no records of definite experiment be-

fore those of La Hire, in 1702. La Hire's conclusions were quite

defective, but possess a certain interest regarded in the light which

has been thrown upon the subject since his time. He ascribes no role

whatever to the products of combustion, but supposed the energy was

due entirely to the expansion of the air contained in and among the

grains of powder, the latter merely furnishing the heat for expansion.

In 1742 Robins took up the subject, and, as the result of experi-

ment, deduced that the volume of the products of combustion was two
hundred and forty times greater than that of the original solid, and
that the maximum pressure of powder fired in a confined space was
one thousand atmospheres.

Robins further shewed the fallacy of La Hire's conclusions, proving

that the expansion of the air in the powder space could not effect a

pressure exceeding five atmospheres.
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In 1778 Dr. Hutton, of Newcastle on Tyne, gave as the result of ex-

periment the maximum pressure as double that of Kobins, or two

thousand atmospheres.

In 1797 we find Count Rumfoi-d attacking the problem in his char-

acteristic, practical way, and his valuable contributions to science in

other fields entitle his conclusions to great weight. As Captain No-

ble and Professor Abel remark in the admirable sketch of their own

experiments, from which, I may state here, the historical and statistical

portions of these notes are mainly drawn, Rumford's trials remain to

this day the standard, if not the only series of experiments, in which

the pressure has been determined by direct observation.* His results

have, however, been questioned on theoretical grounds by a number of

writers on the subject,

Rumford conducted his experiments on very much the plan which

has been used in later years in the proof of gunpowder. The firing

was effected in a small, strong eprouvette-shaped vessel of about 0.08

cubic inch internal capacity. The muzzle was closed by a metallic

hemisphere upon which weights were placed until the elastic force of

the expanding gases was exactly counterbalanced. A simple calcula-

tion then gave him the pressure per unit of area. After an exhaustive

series of trials, in describing which he makes numerous deductions

which have been completely verified by later experiments, he gave as

the pressure of exploding gunpowder confined in its own volume one

hundred and one thousand and twenty-one atmospheres.

Considering the great discrepancy between this result and that ob-

tained by other investigators, it is interesting to note the characteris-

tics of the powder used in Rumford's experiments, and we find it to

have been fine grained sporting, containing but sixty-seven per cent, of

nitre, of a specific gravity of 1.868, and gravimetric density, 1.08.

In 1823, Gay-Lussac found, by an entirely different process, (by

dropping grains of powder into a red hot tube provided with an ar-

rangement to receive the gases), the volume of the products to be four

hundred and eighty times that of the original solid. Piobert criticised

this result and appears to have proven that, considering Lussac's own
statement, the results were by error nearly doubled, and that the true

increase of volume was two hundred and fifty, which agrees very nearly

with other writers.

The results of the experiments of General Piobert in 1830-31, form

an important page in powder literature. This investigator first devel-

* Researches on Explosives, Noble and Abel, 1875.
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oped the idea that the point of ignition had great influence on pressure

and velocity. He also details the effect of the presence of moisture,

regarding which there has been considerable controversy.

The modern science of chemistry was at this time in its infancy, but

was applied with considerable success in the estimation of products of

combustion. Piobert makes one capital error in his deduction that the

high temperatures and great tension of the gases have no sensible ef-

fect in increasing the rapidity of combustion of the individual grains.

The results of his experiments give the increase of volume to be

about three hundred and the maximum pressure as twenty-three thou-

sand atmospheres, which agrees quite well with Rumford's first series

of trials, of which I have quoted but the second.

In 1842, General Cavalli proposed and experimented with a piece

of artillery, in which, at various distances along the length, tubes of

wrought iron were inserted, in each of which was placed a spherical

bullet, to be projected by the charge of the piece, in driving out its

own projectile. The tension at the several points was estimated from

the velocities imparted to the bullets.

Cavalli also deduced tl^e theoretical strength of metal needed at

various distances from data procured in this manner. The maximum
pressure in the bore of a gun, obtained by Cavalli, was placed at the

extremely high figures of from four thousand to twenty-four thousand

atmospheres, varying with the different qualities of powder.

In 1854, a Prussian Commission experimented with an arrangement

somewhat resembling Cavalli's, in which a small cylinder was projected

instead of a spherical bullet. Their conclusions differed materially,

however, the pressure for the 6 pounder field-piece being estimated at

only eleven hundred atmospheres, and for the 12 pounder, thirteen

hundred atmospheres.

We have now reached the period of Major Rodman's experiments,

1857-8, the importance and value of which are recognized in tiie prac-

tical utilization to-day of most of the ideas he developed. It is well to

remember his work, when we read in a recent English scientific jour-

nal, that to Germany belongs the credit of the invention of prismatic

powder.

You are all acquainted with the Rodman method of measuiing

pressures, which has been used by the Navy Bureau of Ordnance for

the past fifteen years. The Woodbridge modification, recently adopted,

does not differ in principle from the original idea. In place of the

cutter, a hollow punch, provided with a spiral cut in relief on its sur-
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face, is pressed over a copper disc, and the length of the impression

measured and compared with a similar indentation made by mechani-

cal appliances.

Kodman's experiments to determine the maximum pressure of con-

fined powder were conducted in a manner which does not admit of

direct comparison with the results obtained by other investigators. In

noting his figures—from four to thirteen thousand atmospheres—it is

necessary to remark that he exploded his charges through a vent in a

cast-iron shell (provided with his pressure gauge), thus using an ar-

rangement in which the conditions of explosion in a confined space

and those which obtain in the bore of a gun are combined.

In 1856, Messrs. Bunsen and Schischkoff made an exhaustive series

of trials to determine the products of combustion of gunpowder, to

which Professor Munroe, of the Department of Physics and Chemistry,

made reference, from a chemical stand-point, in his interesting paper

on the " Causes which promote Explosion," read before the Institute,

in 1877.

These experiments were conducted in a manner somewhat resem-

bling Gay-Lussac's,—the powder grains being allowed to pass singly

into a heated bulb, the gases being collected in a series of tubes.

The results obtained were that the gases form thirty-one per cent, of

the weight of the original solid, with a volume two hundred times as

great. Their maximum pressure was calculated to be forty-three

hundred and seventy atmospheres, and the temperature of explosion

in a confined space 3300° C. These writers also estimated the theo-

retical work of a kilogramme of gunpowder to be sixty-seven thous-

and kilogrammefres.

We wiii consider Noble's and Abel's experiments with more minute-

ness, their work being the most exhaustive research that has been

made, as well as the most recent.

The powder charge, a kilogramme in weight, was exploded in a

strong cylindrical-shaped vessel of mild steel, carefully tempered in

oil. (Fig 1). The firing plug C is provided with a second interior

plug D conical in shape with tissue paper as an insulator between con-

tact surfaces. At E is the arrangement for allowing the gaseous prod-

ucts to escape, either through the outlet H for analysis, or the plug ap-

erture E for measurement of volume. The two wires L L are con-

nected with a short platinum wire passing through a small glass tube

filled with mealed powder, thus constituting an arrangement for firing

by electricity.
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These writers say :
" tlie difficulties met with iu using this appara-

tus are more serious than migiit at first sight appear. In the first

place, the dangerous nature of the experiments rendered the greatest

caution necessary, while, as regards the retention ot" the gaseous prod-

ucts, the application of contrivances of well known efficacy for closing

the joints, such as papier mach(5 wads between disks of metal, (a meth-

od which has been successfully employed with guns) are inadmissible,

because the destruction of the closing or cementing material used, by

the heat, would obviously affect the composition of the gases. Every

operation connected with the preparation of the apparatus for an ex-

periment has to be conducted with the most scrupulous care. Should

any of the screws not be perfectly home, the gases, instantly on their

generation, either cut a way out for themselves, escaping with the vio-

lence of an explosion, or blow out the part improperly secured—in

either case destroying the apparatus."

Messrs Noble and Abel further note the difficulty experienced ia

withdrawing the. firing and pressure plugs and to the cementing eflfect

of the powder residue when subjected to the high pressures of explo-

sion, and the interesting fact that the solid residue is in a liquid state

immediately following the instant of explosion. This was surmised

from the appearance presented on opening the vessel, and afterwards

demonstrated by tilting the cylinder 45° and then righting it after a

period of two minutes. On opening, the marks of the displaced resi-

due were plainly visible. The pressures were calculated from the chem-

ical data and also measured with the crusher gauge.

The volume of the permanent gases was measured by the appara-

tus showm in Fig's 2 and 2a which need no description.

To collect the gases for analysis, the outlet H was used, the plug

E being only started from its seat. The operation of transferring

them from the cylinder to the tubes over mercury occupies from five

to fifteen minutes, and the experimenters believe no change in their

nature takes place, through contact with the solid residue, in this

interval.

Great difficulty was experienced in collecting the solid residue, it be-

ing so solidly packed on the bottom and sides of the vessel as to require

to be cut out with steel chisels. The tendency of the residue to ab-

sorb oxygen from the air is referred to, and a case is cited in which the

heat developed was sufficient to burn the paper on which it was

placed. The writer has frequently observed this phenomenon in the

residue from the one hundred pound charge of the XV'° gun, and
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noticed also, that other portions from the same discharge would absorb

moisture so rapidly as to entirely change their physical qualities.

In the summary of results, the following points are of interest, and
can be mentioned in a paper of this character.

Taking as a unit the volume of a cubic centimetre

:

1. On explosion, the products of combustion consist, by weight, of

fifty-seven per cent, of matter which ultimately becomes solid and

forty-three per cent, of permanent gases.

2. At the instant of explosion the liquid products occupy 0.6 cubic

centimetre and the gaseous products 0.4 cubic centimetre. At 0° C
and 760°"" pressure, they will occupy 280 centimetres, or 280 times

the volume of the original solid.

3. The maximum pressure when powder is fired in its own space is

about sixty-four hundred atmospheres.

4. The temperature of explosion is about 2200° C.

The writers further discuss the action of the gases when powder is

burned in the bore of a gun, taking data furnished by experiments

made by the Committee on Explosives, and deduce as follows

:

1. The products of combustion, in so far as the proportions of solid

and gaseous products are concerned, are the same as in the case of

powder fired in a confined space.

2. The work done on the projectile is due to the elastic force of the

permanent gases.

3. The reduction of temperature due to the expansion is compen-

sated for by the heat stored up in the liquid residue.

4. The total theoretic work done, when powder is indefinitely ex-

panded, is about 480 foot-tons per lb of powder.

In enumerating the foregoing results of the various investigators, I

have purposely abstained from any mention of the chemical reactions

which take place in the formation of the products of combustion

whether solid or gaseous. You would find on comparison from Pio-

bert's experiments to those of Noble and Abel a most confusing lack of

uniformity. No two series of experiments have produced identical re-

sults, and among the gaseous products you would occasionally find

combinations in one series which are entirely absent in the others.

On this subject Noble and Abel frankly admit, as a result of their

work, that the variations of composition in the products, both solid

and gaseous, under similar conditions of powder composition, pressure,

size of grain, density etc, are so considerable, that no value can be at-

tached to any attempt to give a chemical expression for the reactions.
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The gaseous products found are:

Carbouic Anhydride,

Carbonic Oxide,

Nitrogen,

Hydrogen Sulphide,

Marsh gas,

Hydrogen, and

Oxygen.

The solid products

:

Potassium Carbonate,

Potassium Sulphate,

Potassium Hyposulphite,

Potassium Monosulphide,

Potassium Sulpho-cyanate,

Potassium Nitrate,

Potassium Oxide,

Ammonium Carbonate,

Sulphur, and

Charcoal.

The straits in which the French people found themselves, during

the latter part of the Franco-Prussian war, in regard to material, call-

ed forth considerable effort from their scientific men, and produced,

with others, a remarkable treatise from Professor Berthelot of the Col-

lege de France on the force of the expanding gases of gunpowder. *

Berthelot claims that the results of Bunsen and Schischkoff regard-

ing the pressure and temperature of explosion are much underestima-

ted, as at this high temperature the gaseous products are in a more el-

ementary couditon, or are " di>sociated." Their separation, he admits,

determines a loss of heat, but this is compensated for at their recombi-

nation which is rendered possible by the fall in temperature due to the

displacement of the projectile.

Berthelot further discusses the effect, on the pressure exerted, of

the change of coefficient of expansion, as under the conditions of ex-

plosion the laws of Mariotte and Gay Lussac do not hold; and deduces

therefrom an increase of pressure as compared with that calculated by

these laws.

Messrs Noble and Abel take exception to this assumption of the dis-

sociation of the gaseous products, and also to the pressure deduced by

Berthelot, (sixty thousand atmospheres), but it does not appear that all

* Force de la Poudre et des Matieres Explosives Paris 1872.
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of Berthelot's arguments are satisfactorily refuted. In his lectures be-

fore the British Association at Edinburgh in 1871 Professor Abel gives

Berthelot's results with the supplementary remark that they have not

been verified by experiment.

But passing these disputed points, which in reality have but little

interest for us, let us consider the more positive results obtained by
these experiments.

We find on comparing their tables :

1. Variations in the proportional parts of the mixtures produce

uniform eflTects on velocity and pressure, and in this connection it is

interesting to note that, with comparatively slight changes the rela-

tive weights of nitre, sulphur and charcoal remain the same from
La Hire s time to the present day.

2. The size of the grain, as affecting burning surface.

3. Variations in specific gravity and gravimetric density having a

uniform effect on pressure and velocity.

4. The effect of moisture in incorporation, an excess decreasing

both pressure and velocity : in this connection we note also the effect

of moisture absorbed after manufacture, and the influence of density, size

of grain, glaze, and quality of coal, (either as regards the wood from

which prepared or amount of carbonization), on the absorptive capac-

ity of the grain.

5. The shape of the grain and the effect of uniformity in this re-

spect in limiting burning surface.

6. The point of ignition, the pressure being much greater when ig-

nited at the rear.

7. The effect of glazing, the lead used in this process collecting on

each grain a thin layer of dust, which increases the rapidity of igni-

tion.

8. The size of the charge, an increase in weight augmenting the

rapidity of combustion.

With a knowledge of the effects of variation in these points, the

poAvder men are not entirely unprepared as new devices in gas-check-

rings, and expanding bands, or changes in grooving, are proposed,

and we will now consider the more notable modifications which Ixave

been suggested.

Rifled guns demanded a less violent explosive, and we can observe

the cliange in the powder curve by comparing the profile of the Dahl-
gren system (which is not by any means a bad representation of the
old powder curve) with the lines of the latest system of rifled ar-
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tillery. The present curve has a much shorter initial ordinate, and

does not fall nearly so abruptly. In the gun we see a relatively small-

er diameter at the breech with the strengthening bands extending

toward the muzzle. A neglect of the principles of equilibrium be-

tween the two and we have the oft repeated accident of the muzzle's

blowing off.

The powder experts first increased the size of the grain to diminish

burning surface, and we see Rodman's mammoth or pebble grain used

all over the world.

The English produce their pellet in regular forms and the Germans

adopt Rodman's prismatic grain with its seven perforations, and are im-

itated by the Russians, Austriaus, Spaniards, Italians, Turks and Eygp-

tians.

A few words regarding Prismatic Powder may not be uninteresting.

A Russian officer, present at the original experiments of Major Rod-

man, at Fortress Monroe, in 1861, was struck with the idea and carried

it to Europe. The ingenious mechanical contrivance, at present used

in pressing the prisms, is the invention of the Russian Professor Vich-

negradski.

The general principle of the increasing burning surface in the prismat-

ic grain, is theoretically very advantageous, ensuring a uniform aug-

.mentation in the pressure exerted; but actual practice in service hasde-

monstrated the fact that this cannot always be depended upon. A slight

deviation in the continuity of the perforations through the entire

charge, or a want of precaution in assuring solidity in the system, and

the first rush of gas breaks the grains into fragments which are then

consumed with much greater rapidity and consequent unsafe pressures.

To this cause may be mainly ascribed the large number of Krupp
guns which burst during the Franco-German war, the list of which

appeared in the Engineering newspaper a few years since.

The prismatic grain ignites slowly and with safety, being very dense,

and having a smooth polished surface which is generally covered with

a slight efflorescence of saltpetre. To eliminate the defect of 'breaking

up,' the Germans reduced the number of perforations to a single one in

the center, but recent reports speak of the merely comparative success

of the innovation, and a return to solid grains has been proposed. la

view of this fact, it is interesting to note the recent adoption, by the

English, of prismatic powder for the 80-ton gun.

The progressive pow'der of Colonel, now General, de Reffye, burns on

the same principle as the prismatic grain, being simply a cartridge



108-

built up of a number of disks or cakes having a large central perfora-

tion. The same defect of breaking up on firing aud in transport led

to its abandonment in the French artillery.

In 1872, the Navy Bureau of Ordnance instituted a series of experi-

ments with gunpowder which were conducted with great success by the

late Commander Marvin. The qualities of density and burning surface

were established for all the Navy calibres, and the hexagonal grain,

a device of the present Chief of Bureau, perfected and definitely

adopted. The last named powder has the defect of all solid grains,

(excepting Fossano) a decreasing burning surface, aud, being nearly

spherical in shape, the diminution is very rapid, being with the square

of the radius, but this loss is more than compensated for by the low

density of the interior layers. That portion of the grain which was

joined with its neighbors in the same pressing, is very dense, and

materially aflTects the gravimetric density.

In 1872, wliile attending at Fortress Monroe, some experimental fir-

ing for the Navy Bureau, the writer witnessed a series of trials, by an

army board, with cakes or disks placed with intervening airspaces in the

powder chamber, the cakes being in some cases provided with perfor-

ations in others without. The results were quite unsatisfactory how-

ever and showed great variation in pressure and velocity. This was

due, again, to the half consumed cakes breaking up as in the case of

prismatic powder.

In 1875, while stationed as Military Instructor at Amherst College,

Lieutenant Totten of the Army devised and carried out a few experi-

ments with a powder to which he gives the name of Compensating.

He proposes to enclose a gun-cotton sphere, 0".5 in diameter, within

a gun powder shell 0".25 in thickness, the whole thus forming a grain 1"

in diameter. " This grain," says Lieut. Totten, " would be constructed

with a scientific regard to the peculiar characteristics of each substance,

and would evidently burn on the accelerating principle." Then, criticiz-

ing the navy hexagonal, and referring only to the decreasing burning

surface and ignoring entirely the efiect of the lighter density of the

interior, the inventor claims that the 'compensating' grain would burn

in concentric layers, the gunpowder portion insuring the start of the

projectile, which at a safe instant would be followed by the more

rapidly expanding products of the combustion of the gun-cotton.

A little friendly criticism from the Hexagonal side of the question

will not be out of place, and it would seem that the following objec-

tions possess a certain validity.
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Passing over the insurmountable objections with which powder

makers regard all explosives more violent than their own, the well

established tendency of gun-cottou to change its condition in a vary-

ing temperature, unless kept in a moistened state, the cost of its

preparation, the question of the injurious effect on the health of work-

men, the mechanical difficulties in getting the apple inside of the

dumpling, and again in attaining the requisite high density in

the outer shell, with a yielding, elastic pulp, like gun-cottou, in the in-

terior, it would appear quite probable, that were all these objections

eliminated, there would still remaiu more serious elements which would

render the principle of questionable value :

1. AVith but a quarter of an inch of material in the outer shell

it seems extremely probable that the structure would be crushed in by

the first effort of the expanding gases.

2. Were the shell to prove sufficiently strong, would not the gun-

cotton, confined in a medium, perhaps two thousand times denser than

the atmosphere, develop unsafe pressures when exploded?

3. In Professor Abel's valuable contribution to the " History of

Explosive Agents," published in vol. 159 of the Phil. Trans, of the

Eoyal Society, we find the principles of the detonation of the nitro-ex-

plosives fully developed. After showing that gun-cotton cannot easily

be detonated by nitrogen chloride, whilst this change is readily effect-

ed by a much smaller quantity of the weaker mercuric fulminate, and

detailing a number of instances of this character all supported by ex-

periment, Professor Abel concludes, "the vibrations produced by a

particular explosive if synchronous with those which result from the

explosion of a neighboring substance which is in a state of high chem-

ical tension, will by their tendency to develop those vibrations, either

determine the explosion of the substance, or at any rate greatly aid

the disturbing influence of mechanical effect suddenly applied."

We have, in the Totten compensating grain, both of the elements

referred to by Professor Abel. The explosion of gunpowder produces

these vibrations, as we frequently hear of contiguous powder mills ex-

ploding without any communication by flame. The mechanical effect

would be the impact of the powder gases against the solid remaining

structure.

It is, however, a question in my mind whether Abel's ammonium
picrate powder could not be used in some such manner as described by
Lieutenant Totten. He would have here a substance of greater chemi-

cal stability, a solid which can be pressed into any form like gunpow-
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der, less violence in explosion, and liltle liability to change of chemical

condition with varying temperature. Experiment would be impera-

tively necessary to determine its capabilities in a detonating way.

There would still remain the cost of manufacture, however, which, in

all such matters, is a most important factor.

It seems doubtful, indeed, whether any of the nitro-explosives or

their modifications can ever be utilized in a military way other than

as bursting charges in shells, mines, or torpedoes. Their application

to sporting purposes is being attempted, however, and we see in this

country a preparation, called after its inventor, Ditmar powder, attain-

ing a certain prominence. The polished interior surface of a fowling-

piece barrel and the yielding character of the shot-charge and card-

board wadding lessen the brutal element in the quicker burning

explosive, and, were it not for the occasional " unaccountable " acci-

dent, it might become deservedly popular.

Of the characteristics enumerated above, which affect the burning

qualities of gunpowder, that of the density is the most important, and

perhaps the most difficult to secure within required limits. The diffi-

culty is due mainly to the variations in the hygrometric state of the

atmosphere, and, although many suggestions have been made to secure

uniformity in the amount of moisture incorporated with the mill dust,

the)' have generally failed in attaining their object. Tlie so called

Wiener powder, the invention of Colonel Wiener of the Russian Artil-

lery, differs in its manufacture from the ordinary variety in the fact

that all of the moisture is eliminated in the press mill, the mixture

here being brought to a temperature of 240° Fah., the melting-point

of sulphur. In this manner, equal volumes of the product of the wheel

mills can be pressed to equal densities, but the resulting grain (besides

having a great capacity for moisture) would, on theoretical .grounds,

seem to be too violent in its action for modern rifled guns. This may
perhaps account for the rather local reputation of Wiener powder.

Moisture performs the part of a cushion to lessen the violence of the

explosion, the role of nitrogen when a mixture of hydrogen and atmos-

pheric air is exploded, of the kieselguhr in dynamite, of pulp and saw-

dust in the Ditmar and Schultze powders, and of the chamber air

space in tlie Spezia trials.

Again, considering the great specific heat of water, and remembering

that the work done is proportional to the heat developed, the presence

of moisture would, through, this capacity for heat, have a direct and

positive effect on the maximum pressure.
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We will conclude our consideration of the modifications which have

been proposed as improvements in gunpowder, with a description of the

production of the Italian Mills at Fossano.

The abnormally high velocities obtained, coupled with moderate

pressures, its adoption by several European powers, and its history in

the remarkable trials with the 100-ton gun at Spezia, render it particu-

larly interesting.

The manufacture presents certain peculiarities which, though sug-

gested by the American Dr. Woodbridge some years ago, are to the

general military public entirely novel.

After passing through the incorporating mill, the mixture is pressed

into cakes of a density of 1.79. The cake is then broken up into grains

of about one-eighth to one-fourth inch in diameter, which are mixed

with a certain quantity of fine grained powder, and the mass again

pressed to a mean density of 1.76. This second cake is finally broken

up into tolerably regular grains about 2j inches in length and breadth

by II inches in thickness, thus forming an agglomeration of two

densities.

I have not seen the probable action of the powder gases from the

Fossano grain discussed in any of the military journals, but surmise

the sequence of events may be something like the following : It is

found that relatively slight differences in density produce considerable

variations in pressure, and, we can therefore assume, in the rapidity

of burning. In a grain of this character then, the lighter powder

would first ignite, and its gases, at a high tension, would, as it were,

entirely surround the partially burned denser granules. The projectile

has started and furnished greater space for the expanding gases, which

is filled at once by the great store of energy (due mainly to its condi-

tions of confinement in a dense medium), probably all developed in the

same instant, of the heavier powder.

Such a grain would, in the earlier stages, for the same reasons of

unequal densities, burn with an increasing surface, as inequalities or

indentations would be formed, which would materially enhance its

already decidedly progressive action.

Fossano has the great merits of cheapness and simplicity, and, if uni-

formity in the form and size of the grain can be assured, I see no

reason why it should not have a great future.
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Lieut. SoLEY. The paper which we have just heard is particularly inter-

esting in that it shows how extreme changes in the action of powder can
be effected by slight changes in the methods of manufacture and by varying
the size and shape of the grain while the proportions of the ingredients re-

main the same. There are two points mentioned in the paper, in regard
to which I disagree with the lecturer, though I do it with extreme diffidence,

as I believe there are few officers in the service more thoroughly conver-
sant with the subject of the manufacture of powder than lie is; and I am
quite ready to be corrected if I am mistaken. I was under the impression
that, in the manufacture of the Fossano powder, the incorporating mill was
only used for the preliminary mixtures of saltpetre-sulphur and sulphur-
carbon, and that the process was continued by the use of mixing reels and
hydraulic presses, an important feature being the fact that the incorpora-
ting mill is not used in the later part of the process. With regard to the
Hexagonal powder, I am inclined to think that it somewhat resembles the
Fossano powder, in that each cake is composed of large and small grains
whose action would be very similar to that obtained with the Italian pow-
der. I should have been glad if the lecturer had given some account of
the Schaghticoke cubical powder, which has just been made the regulation
powder for the large guns in our service, though I doubt if it is exactly a
progressive powder, in the same sense as the Fossano is said to be. Any
homogeneous powder of great density which may be considered as burning
in concentric layers, is a pi-ogressive powder, in the widest acceptation of
the term, and the velocity of combustion increases rapidly with the press-
ure developed by the gas, the diminution of the surface of inflammation
being compensated, in the interior of the gun, by the velocity of combus-
tion. The ordinary way of arriving at this result is by modifying the form
and structure of the grain, and wo have been told some of the methods
of accomplishing this. Those; powders which interest us most, in view of
their actual or possible introduction into the service, are the Hexagonal,
Schaghticoke, Totten's Compensating, and tlie Fossano; and I wish to con-
sider the results of these clianges on our ordnance.
An immediate consequence of putting armor on to vessels was the simul-

taneous increase in the weight of the projectile and the calibre of the gun;
but, under these conditions, the tine-grained, quick-burning powder, which
had been formerly used, was extremely dangerous to the piece, and it be-
came necessary to modify the rate of burning. It is Avell known that when
quick powder, under constant pressure, is burned, the disengagement of
gas, at its maximum at the beginning, constantly decreases until the end
of the combustion, giving its greatest force of disruption and translation
before the inertia of the projectile is overcome. The experiments made
by Rodman, Dahlgren, and others, on the pressures on the interior of the
bore fully demonstrated tliis fact, and the results are expressed as follows

:

At one calibre in rear of center of projectile, .98

At center of projectile, 1.00
At one calibre in front of projectile^ .81

At two " " " .68

At three " " " ,63

At five " " " .53

At seven *' " " .44

At nine " " " ,40
At eleven " " " .37
At fifteen " " " .29

These figures show the relative strength necessary, at different parts, to
resist explosion.
In view of these experiments, the well known Dahlgren shape" was

adopted, and has been adhered to not only in the small 8-inch and IX-inch
smooth bores, but also in the 8-inch rifle and XV-inch smooth bores which
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use some of these progressive powders; that is to saj', powders which, on
tirst comlinstion, develop a small amount of gas to overcome the inertia of
the projectile, and, as its movement becomes accelerated, give larger and
increasing gas pressures. The pressure curves of the quick powders and
of the progrt'ssive powders show how the i-elations between certain parts
of the gun and the strains exerted, have clianged with tlie use of the pro-
gressive powders. Since the adoption of these powders has become a fixed
fact in our service, anil since we know that these new pressures will induce
very tlifterent strains, the question presents itself with redoui)led forct;,

are we proceeding in the rigi)t direction in converting our smooth-bore
guns into rifled guns which are to use progressive powders? In our 8-inch
rifles which have been converted from Xl-inch smooth bores, and wliich are
being generally supplied to our ships, the cast-iron bore, Avhich gave the
gun its longitudinal strength, has been removinl, and, in its steud, a coiled
tube has been introduced, which is held in place merely by a small screw
ring at the muzzle. The tube has only the longitudinal strength which
it receives from the thoroughness of the weld; Armstrong was obliged
to abandon the coiled tube A almost as soon as he adopted it, because
he found that tiie bore of the gun must be the part which supplies tlie lon-
gitudinal strength; and, with tlie progressive pressure of the new powder,
these guns of ours are weakest, both longitudinally and transversely, whei'e
they need the greatest strength. The lamentable disaster on board the
Thunderer, whether the result of accident or carelessness, while it calls

forth all our sympathies, must, at the same time, be instructive. An in-

spection of the diagram of the burst gun shows that it went in the very
place where its comparatively small' longitudinal strength was supple-
mented by the least transverse strength. As long as we cfinfine ourselves
to twenty or twenty-five pound charges, in our 8-inch rifles, there is no
particular danger, but, if it becomes necessary to use these guns in action,
with tliirty five pound charges of progressive powder and battering shell,

I venture to say that our makeshifts will make us regret that they were
ever introduced.

Lieut.-Comdr. Folgek. If I understand the question raised by Lieuten-
ant Sdi.ev, as to the fact of the incorporation of the ingredients of Fossano
powder. I do not exactly see how the necessary intimacy of mixture for
perfect combustion can be obtained without the passage through the wheel
mills. Were we to manufacture Fossano in this country, I hardly think the
requirements of the Ordnance Bureau would be satisfied with any omis-
sion of this kind. The Scliaghticoke Cubical is merely the mammoth
grain in regular forms. If it were a flat grain instead of a cube, it would
be more effective, as the surface would not diminish so rapidly in com-
bustion. The regularity in shape is obtained by grooving the press cake
in the desired lines of fracture. The homogeneous density, 1 consider,
viewed in the light of the latest ideas on powder, is a defect rather than an
advantage.
The Navy hexagonal is not a pi-essing of two densities, but simply of the

product of the wheel mills. Of this I am quite positive, as I was present
at the original experiments, in a manufacturing way. I think the present
grain is too small for an application of the Fossano piineiide.
The converted Xl-inch gun is not by any means a model arm in its curves

and lines of resistance, and of this I think none of us are more convinced
than is the Bureau of Ordnance. I must, however, disagree with the gen-
tleman in his opinion, wliich we are led to infer from his remarks, that it

has little or no value as a part of the armament of our ships, or is so defec-
tive in its lines of resistance as to possibly be even an element of danger to
our guns' crews.
Merely referring to materials, it is an acknowledged fact that American

iron possesses more of the qualities requisite for gun-making than any
other iron in existence; and, made of iron, these guns have withstood
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pressures in proof-firing of from thirty thousand to sixty thousand pounds
per square inch.

Now, whilst the higliest pressure ordinate with a progressive powder is

somewhat further forward than witii the quick-bui'ning varieties, it at no

Fig. 3.

time readies tlieir dangerous limits (Fig. 3), and at the moment the projec-
tile is passing the weaker points in the gun-cylinder referred to by the
gentleman, the curve is dr>ubtless falling rapidly by the movement of the
projectile. Should the shot jam, as was first reported of the Thunderer's
accident, there are good reasons for believing that no system of artillery
can withstand the strain.

If we now utilize this capability of resistance of sixty thousand pounds'
pressure with the latest ideas on progressive powders, as the Cliief of Bu-
reau intimates, in his last Report to the Secretary, that he is prepared to
do, we have a powerful addition to our ships' batteries, and one which
should inspire self-congratulation rather than any other sentiment, when
compared with our antique smooth-bores.
We are not proceeding in a wrong direction, for at this moment the

Bureau of Ordnance (which all along has presented the 8-inch rifle as a
makesiiift to tide over an economical Congress) has prepared drawings and
specifications of a 6-inch and a X-inch steel gun, to be undertaken with the
first funds appropriated for the purpose. Our makeshift 8-inch rifle has
been paid for by the sale of condemned material ; it costs but $2,000, while
the X-inch steel gun will cost more than twenty times this amount.

Lieut. Kknnedy. In Professor Hill's lectures on explosives delivered at
the Torpedo Station, I find the statement, that when powder is pressed,
if it be too dry it will not bind or retain its form ; and if too moist it

cannot be much pressed on account of the incompressibility of water.
"Witiiout going to either of these extremes, thr density of powder may be
greatly varied by a slight change in the moisture contained. In the Fos-
sano powder mentioneci in the paper just read, the powder is first pressed
to a density of 1.79 and then broken up, mixed with other powder, and
again pressed to a density of 1,776. These limits are very small, and still on
this diff"erence depends the progressive action of this powder. Plow is the
moisture kept at exactly such a point that the same pressure shall always
produce the same density ; and, in general, by what means is the moisture
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controlled daring mannfactm'e, particularly in damp weather, so that diflFer-

ent lots of powder shall always come up to the required standard?
Ijieut.-Comdr. Folgeu. As I intimated in my notes, it is a matter

of considerable ditiiculty, to reproduce densities, and I have repeatedly
seen the production of the work of days thrown back on contractors' hands as

showing too great variations in density. The Bureau usually limits the man-
ufacture to 0.0 1 on each side of the required point, and this they consider very
close work. The matter requires the greatest care, and experience alone
is the best guide. The hygroraetric state of the atmosphere is noted and
the quantity of water added in tlie wlieel mill is regulated accordingly. The
behavior in the press, the sounds given out by the mass at the close of the

process, in connection with normal marks on the press frame are among
the points which govern the judgment of the pressers.

It is remarkable however what experience or good judgment will some-
times accomplish in tliis respect. I witnessed the manufacturer's inspec-

tion (Oriental Mills) of an army contract last year in which with twenty
densimeter samples tJie extreme variation was but 0.007.

Lieut. MiLLEK. I should like to ask if the lecturer considers the Rod-
man cutter a reliable instrument for measuring the pressures which take
place upon the explosion of the charge.
There are many instances where the indentations upon the copper disk

have recorded pressures far beyond the tensile strength of the gun metal.
Last year at the Experimental Battery, tiie X[-incii gun was loaded with
service charge and shot—the powder being that known as oriental can-
non, which I think had been twice reworked. The pressure indicated was
on one occasion as higli as one hi'indred and fifty thousand pounds, and on
others about ninety thousand. Now the tensile strengtla of the veiy best
cast-iron is never over fifty thousand pounds per square inch.

Ther<^fore were the enormous figures quoted above due
1. To an error in the Rodman cutter itself,

ir. To the non homogeneousness of the copper disk, or
IIL To the effect of gas waves reacting from tlie base of the shot, acting

as successive blows to drive the knife deeper and deeper into the disk?
I am well aware that the opinion is held that if it requires a force, say of

forty thousand pounds, to drive the cutter a sixteenth of an inch into the
copper it will require a greater force than forty thousand to drive it any
furtlier at any subsequent time, but it strikes me that the theory is not al-

together correct; especially as regards the action of explosive gases in a
confined space, and I would especially ask if the resultant cut in the copper,
may not be the combined eflect of several pressures, acting at ditierent
times and each less than that necessary to rupture the gun.

Lieut.-Comdr. Folgeu. If I remember correctly. General Rodman
believed his method of measuring pressures to be reliable within one
thousantl pounds per square inch, even at the maximum, but my own
limited experience would lead me to a contrary opinion, at least as regards
its measuring absolute pressures. There should be some account taken of
the time element, for, with the testing machine, the particles of copper
have a chance to " flow," or in other words, arrange themselves.

Again, we are taught, considering the metal homogeneous, that the resist-
ance to tlie cutter varies with th(^ square of its velocity.
The pressure of a hundred and fifty thousand pounds per square inch re-

ferred to was probably the total of a number of local pressures, wliich al-
ways_ occur, according to a number of writers, (particularly with a quick
burning powder.) and which are unquestionably due to the wave-like vibra-
tion mentioned by Lieutenant Millkr. This action of the gases probably
continues during the whole of the interval occupied by the shot in its passage
to the muzzle. With a uniformly-burning progressive powder, the Rodman
gauge will register much nearer the true pressure.
As regards the point referred to by Lieut. Millek that the XE-inch gun did

not burst with a registered pressure much beyond the tensile strength of
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iron, I think the terse remark of General Rodman concerning snch cases,
tliatit"did not have time to burst" (before the pressure was relieved) is

applicable. Also, we might saj', the case is analogous to the simple exper-
iment of the breaking of a small iron wire. A sudden jerk will not effect

a rupture whilst a continued effort in which much less force is expended
will accomplish the object. Tensile strength is measured by the slow
process.
The mathematicians have demonstrated the foct that a homogeneous in-

elastic cylinder will burst if the internal pressure per unit area exceeds the
tensile strength of unit section, but in our case the limit of elasticity of our
imit section is not rejiched with its rupturing pressure, as measured by tlie

testing machine, The curve of resistance falls very rapidly however, and
we reach a point beyond wiiich no increase in thickness of metal will add
strength to the gun cylinder.
The point of the non-homogeneous character of the copper disks enters

largely into the question, and is doubtless a frequent cause of um-eliability
in the registered pressures. Tliis fact was one of the strongest arguments
in favor of the adoption of the spiral gauge, as the copper disks used with
the latter are much smaller, and variations in hardness and density do not
produce so marked an effect.

The Ciiaiuman. I have listened with extreme interest to the able
paper whicii has just been presented to us, and I tind in it nothing to criti-

cise and feel that there is little to be added to it. It suggests, however, one
or tAvo thoughts.
The lecturer has pointed out certain objectionable features in the Totten

powder which would interfere with its use. Besides these, there is another
whiirh is quite as important. It is well known that explosives such as gun-
cotton and nitro-glycerine, if igniteil when exposed to the atmosphere,
simply burn freely; but if ignited when they are closely confined, they ex-
plode with detonating violence. When the Totten powder burns in the
chamber of a gun, we have the gun-cotton ignited while it is closely con-
tincd, and it is quite probable that a detonating explosion would result.

> I have been pleased to see that the lecturer places more reliance on the
pressures as determined by Rumford and accepted by Piobert, than on those
obtained by later experimenters, and I am disposed to follow him for several
reasons. First, because, as he has pointed out, Rumford is the only experi-
menter who has directly measured the pressure. Second, because I have
yet to learn that it has been shown that Rumford's apparatus was defective,
that his method was faulty, or that there were any errors of observation in

his experiments. The chief objection urged against his measurements, is

that the results did not agree closely enough among themselves, but Noble
anil Abel have shown that closely agreeing results can only be obtained
when tiie different specimens of powder are" of normal type and uniform
make, and it is doubtful whether Rumford possessed such powders. In the
case in which Rumford estimated the pressure under Avhich his gun burst,
there can be no doubt that his results were too high, and there is no question
that the fact of his having done this, and attempted also to explain the high
pressures obtained in all the experiments by an erroneous theory as to the
action of aqueous vapor at high temperatures, has done much towards
throwing discredit upon all his work. Between the results of Rumford and
those obtained by Noble and Al)el, there is a difference so great that it is

difficult to explain it. These last pressures having been obtained by calcu-
lation, and by comparison of tlie calculated pi'essures with those obtained
by the crusher gauge, are more likely to be in error than those obtained by
direct experiment. The fact that estimates by the two methods agreed
closely, confiims me in the belief that they are too small ; I agree with the
lecturer in believing that the crushing machines register too low a pressure.
To calculate the pressure exerted by powder, we must know the quantity
and character of the products of its combustion, the temperature of com-
bustion, and the action of the products at the high temperatures whicli ob-
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tain in the experimonts, and, notAvithstandino; tlie intei-esting investigations

of Biinsen and Sehisclikofi', and tlie more elaborate researches of Noble and
Abel, I do not think that these data have yet been determined with sufficient

accuracy.
I would like to ask the lecturer how he accounts for the increased ve-

locity and diminished pressure obtained with a small air space, and also the

action of the gases with a large space, as for instance, when the projec-

tile has slipped forward.
Lieut. -Comdr. Foi.ger. There are so many opinions and theories on

this suliject since the TImnderer's accident, that I fear one from myself will

throw no additional light on the subject, but I believe the action of the

gases to be something of this character:

—

When tlie projectile is pressed close against a charge which entirely fills

the chambin-, the latter burning more rapidly in a confined space develops

a greater portion of its energy, in a given time, than when air space is fur-

nished. With a limited air-space, a smaller portion of tlie charge over-

comes the inertia of the projectile, leaving the remainder to develop a
progressive action on an already moving obstacle. This perhaps accounts
for the increased velocity. Concerning the reduced pressure, we have the

same argument of less powder burned in a given time, and to go into de-

tails, I think the cushioning effect of the air particles assists in starting the

projectile when the space is small. Perhaps a portion, at least, of the

oxygen in the air is utilized in combustion, though that from the saltpetre

is, the chemists tell us, more apt to perform this part of the work, but there

still remains the nitrogen. Again, the air particles would use a portion

of the energy in their own rise in temperature.
With a large air space, the cushioning eftect, moi-e apparent, permits the

entire combustion of the charge before the projectile starts, and the devel-

oped gases being given direction by the tube—focus, we might say,—with
g'reat^inertia on a projectile at rest, and a rupture of the walls of the gun is

the possible result.
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At the time of the receipt of the invitation of this Institute, I had

agreed to prepare a paper for publication in " the United Service

"

quarterly, which I have the honor to read on this occasion, relating to

the subjects which engage our attention.

The purposes of a Navy are more complex, important, and constant

than are supposed by persons who only regard it as a means of offence

and defence in war, and who are ignorant, in a great degree, of the

training necessary to efficiency. Many suppose that in time of peace

we need no Navy ; that, should a war occur, our merchant marine

would supply us amply with officers and men, and as well with vessels,

which, with the mere addition of fitments of armaments and' appliances,

would become formidable vessels-of-war. It is intended to show the

important, not to say the indispensable functions, performed by the

Navy iu time of peace ; and, as well, that a Navy cannot be improvised,

capable of meeting an enemy having a personnel more thoroughly

trained and disciplined, and provided with vessels built actually for

war purposes.

A farmer surrounded by lean and hungry stock ready to overrun

and feed upon what was not hedged around, would be thought foolish

were he to try to raise a crop or even graze his own stock undisturbed,

without in advance planting his hedges. In vain would he endeavor

to supply the deficiency when his enemies were upon him.

The nation that would establish no carefully devised system of de-
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fence against aggression from within and without, would be no wiser

than such an improvident farmer. The Army and the Navy are the

hedges of a nation, more or less properly planted and sustained, and

are no less indispensable to a nation's security and prosperity than the

hedges to the farmer. I hope to show that they do not occupy ground

idly or unprofitably ; that they bear their fruits,—none the less valua-

ble to the nation because they are, as it were, common property.

There is hardly a projected "Internal Improvement" throughout our

wide territory, that has the shadow of national importance, that is not

planned, if not superintended in its execution, by the Engineer Corps

of our Army. There is not a menace to public order, or a riot whose

object is ])lunder, where the humble Infantry soldier is not hailed as the

useful and timely friend to the "man of good will," be he rich or poor.

You hear it said that these outbreaks should be met by "citizen

soldiers,"—by the volunteer or the militia-man. The employment of

such forces, without the aid of United States soldiers or of sailors, in

the riots of July, 1877, was, at no one point, satisfactory; wherever

there were disorders and no United States forces present, there was

gieat destruction of property, entire insecurity of life, and especially

to the luckless wight who stood as a volunteer or militia-man, the

guardian of the lives and property of his fellow citizens. The wrath

of the mob knew no bounds against him, when, at the same time, the

forces of the United States were not assailed, and their presence and

authority were respected. It seems to me that the lives of our citizens

are of too much value to make them the targets of the blind rage of the

mob, of the men who, under ])retence of being laborers without employ-

ment, are disposed not to labor except upon their own demands, and to

violently prevent others from laboring, yet quite willing to gain what

they can by violence and robbery.

I beg your pardon for apparently wandering from the subject which

is designed to be discussed,—that of the purposes of the Navy, the

services of which, at the time referred to, were not without value. The

soldier and the sailor were alike recognized as the friends of "'men of

good will," and their presence and their authority were respected by

the mob.

The operations and objects of a Navy are mostly afloat : on the high

seas the navies of the world form a common police, without which life

and property would be wholly insecure. The nation that, in time of

peace, should disregard its obligation to perform its part of a common

duty, would, in time of war, suffer disadvantages and losses which
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would be incalculably greater, arising from a want of preparation for

defence and aggression. The spirit of piracy exists now, as ever ; there

are no pirates, or rather piracy is rare, simply because the seas are

policed by the navies of the world.

There are other purposes also, in time of peace, which employ the

active energies of the Navy. As an example, we may refer to the Ex-

pedition of Commodore Perry to Japan, in 1854. This event is so

recent that it seems hardly necessary to more than mention it. Had
this Expedition not been sent, or had it been less ably commanded, it

is altogether probable that the Japanese would still be an isolated peo-

ple instead of occupying a distinguished position among the nations,

due to their high character and ability, and to their great artistic taste.

Let it not be supposed, by those not conversant with the history of the

Expedition, that it was used as a force to bring about commercial

relations. It was, in fact, rather a formal exhibition of the appliances

and advancement of European civilization, and a demonstration of the

advantage which peoples derive from a free intercourse, not in matters

of trade solely, but even, in a greater degree, to the speedy dissemination

of knowledge, due to the aggregate gains of many races and nations.

The only demand made by that Expedition was the right of refuge

in Japanese harbors to our vessels suffering shipwreck or injured from

stress of weather, on their coasts. The Japanese were informed also

that, whilst tlie government of the United States desired commercial

intercourse, in the belief that it would be mutually advantageous, it

recognized the fact that, even when allowed by treaties, it could only

exist when it was found to promote the interests of both parties. Thus

thirty-five millions of industrious, intelligent and highly ingenious

people were added to the family of commercial nations, due wholly to

one of the purposes of a Navy,—a fact at variance with the assertion

that we have no need for a Navy in time of peace.

This Expedition, so ably commanded, was engaged in making all

possible surveys to render navigation safe in those comparatively un-

known and unvisited seas, and in pursuing a vigorous routine of train-

ing to officers and men, which was of the highest value in promoting

the efficiency of the Navy. It was, in fact, the commencement in our

naval service of a more methodical and thorough training, that had

become necessary through the use of steam as a motor, and the im-

proved armaments on board ship.

About the same time, one of our vessels-of-war visited Paraguay,

made a survey of some two thousand miles of the river Parana and its
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affluents, and did much to bring that nation, then isolated, into com-

mon relations with commercial nations.

By our Navy officers the river Amazon has been explored from its

head waters to the sea; and now that mngnificent stream is navigated

its entire length. Only last summer, hundreds of miles of the river

Madeira, one of the affluents of the Amazon, was admirably surveyed

by one of our vessels-of-war, which will serve, ere long, to enlarge the

commerce of that region, with our own and other nations.

Within the past eight years the Navy has completed surveys wher-

ever required,—of the water-sheds of inter-tropical America, from

Tehuantepec to far up the waters of the river Atrato, leaving nothing

in doubt as to the solution of the Inter-oceanic Canal question across

this continent. It has, at the same time, determined by telegraphy,

with extreme accuracy, the longitudes of many important points in the

West Indies and on the eastern coast of South America, and has

sounded two lines across the wide Pacific, and one from San Francisco

to Australia, to facilitate the laying of marine cables in the future.

The two large Expeditions to the Pacific, the one commanded by the

late Rear-Admiral Charles Wilkes, and the other by the present Rear-

Admiral John Rodgers, require mention,—the valuable surveys made

by them, and the civilizing influence which the visits of those Expedi-

tions exerted over the many savage inhabitants of the Pacific islands.

It will be remembered too that our Navy did much in examining the

route for and in laying the first cable between Europe and America.

Surveying the oceans, with their innumerable it^lands, rocks and

hidden dangers, is the legitimate duty of the navies of the world, and,

I may add, necessary to the safety of the commerce of the world. Un-
less this is done by them, it will remain undone forever ; hence, it

should be regarded as a duty in common. From its magnitude, it is a

work of many years, if apportioned out by agreement between the

nations themselves; and, when the whole field has been covered, from

the constant physical changes, much of it would require re-survey,

making this duty, in fact, interminable.

Our Navy has furnished inspectors of light-houses and officers for

the hydrographic duties of the Coast Survey, both of which are of

great importance to our commerce and to that of other flags visiting

our coasts.

I was reminded, by an intelligent friend, of the great advantage

derived by our merchants in many foreign ports, through the appear-

ance, occasionally, of a vessel-of-war, especially in such countries as
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have unstable governments. A cursory examination of a Chart of the

Globe will show the very great number of ports of this character, and

the necessity of protection, beyond a " moral support." On two occa-

sions, during a brief period, when I was Acting Secretary of the Navy,

after conferring with the State Department, it became necessary to

state with precision, through our Naval commanders, what was expect-

ed on the part of the Powers concerned ; the response to which was

prompt and satisfactory. Such have been the purposes of the Navy,

more or less, since its formation ; such will be its purposes, more or

less, as long as it is efficiently directed, and as long as it exists in a

state of efficiency.

The actual knowledge required to make a useful officer of the Navy
is diverse and considerable; and the training, special and onerous, can

only be acquired by encountering the vicissitudes of the sea in varied

forms, over the wide expanse of the navigable waters of the globe ; nor

would this experience suffice without previous careful primary instruc-

tion. Every vessel-of-war, properly commanded, is a school of in-

struction ; in every sea vessels-of-war are or should be engaged in

making partial or extended surveys ; in sounding out the depths of the

oceans, and, as before stated, in maintaining the police of the seas,

without which there would be no security.

At the breaking out of the Civil War, the Prince de Joiuville, who
was conversant with our naval training, expressed a very favorable

opinion, which was published at that time, as to the efficiency of our

Navy. He stated that our people would not be disappointed, so far as

its operations were concerned. I will leave to others the expression

of an opinion on this point, but call attention to what was anomalous

and difficult in connection with those naval duties, and their results.

Hundreds of officers were appointed from the merchant service, many
of them having excellent qualities, and knowledge as seamen, who
readily learned the routine of naval duty, and how to manage large

numbers of men effectively, on the deck of a vessel. They fully ap-

preciated whatever was effective in the routine of the Navy, and soon

had practical experience in fighting ships and batteries, and the meth-

ods of instruction of the crews adopted and carried out most effectively

by the ablest officers of our Navy. I feel sure that our officers, in

general, will take pleasure in acknowle<iging the high character and

professional ability of some of these officers, which would make them

a creditable accession to any Navy List.

A certain number of these volunteer officers, less gifted in the pos-
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itive and spacial qualities which belong to the able officer, were less

useful, and to a certain extent were disposed to depreciate what they

could not comprehend nor attain. It need hardly be added that these

officers were in general inferior in proper conduct, without which effect-

ive officers cannot be made, however gifted they may be otherwise.

The volunteer officers called into the service were many times more

numerous than the officers belonging to the regular Navy ; and such

would doubtless be the case again should we have a war with a great

naval power. Hence the necessity of having a sufficient number of

well trained officers in the Navy to meet the exigency which must ar-

rive, that is in fiict only a question of uncertain length of time with

every nation. It would be impossible to conceive in advance the mass

of confusion, of ill-directed effort, of mis-spent money, of national ca-

lamity and disgrace which would ensue were we to act upon the sup-

position that a Navy was of no use in time of peace, and could be ef-

fectively improvised in time of war.

However able, as seamen, those of our merchant service may be,

and however gifted in character, as a class, they would require special

training to enable them to effectively direct and control the opera-

tions of large numbers of men, in whicli they have no experience in the

merchant service, and in the appliances and use of heavy ordnance, in

itself recjuiring aptitude on their part, as well as considerable experi-

ence in gunnery on board vessels-of-war of the officers who might be

detailed as instructors.

In this connection the latent force that a nation possesses, existent

and ever ready in a large retired list of competent officers becomes ap-

parent. The government of Great Britain so fully appreciates this,

and the importance of promotion at a proper age, that to effect these

objects several methods of retirement are offered, A Rear- Admiral

may retire at his option at fifty five years of age ; a Captain at fifty ; a

Commander at forty-five ; and a Lieutenant at forty ; but when five

years are added to their respective ages, retirement becomes compul-

sory. If however, an officer has not served for five years in some of

the grades, or seven in others, whatever his age may be, retirement is

compulsory. Under such regulations it is difficult to suppose that an

objectionable or incompetent officer can be continued on the active list;

and it is apparent also that some officers at least of those grades, of

high professional worth and unexceptionable character must be retired

without a suspicion even of mental or physical infirmity. A position

is made for advancement on the retired lists carrying with it substan-
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tiiil benefits, establishing plainly the purposes of these compulsory re-

tirements, which are indeed fairly ex])ressed in the order.

The advantage derivable to a Navy from officers attaining responsi-

ble positions in command before they are too old, is a marked feature

of the British system of retirement and promotion ; indeed, it is iairly

the object of retiring the otficers at the ages stated ; an officer kept too

long in a subordinate position loses, after a certain time, the ability to

bear what is known as responsibility ; and after that, Avhatever his

character and professional attainment may be, he lacks an essential

element to usefulness in a iiigh grade. Our system of retirement, or

rather of replacement on the active list, through legislation, of officers

who have been lawfully retired, seems calculated to seriously impair

the efficiency of the service ; officers of the higher grades of the best

character, and who have rendered the best services afloat in the line

of duty, pronounce upon the merits and professional quilificatioas

of those who have become eligible for promotion by seniority. It

Avould seem most difficult if not impossible, to name another tribu-

nal that would as well guard the interests of the government and also

that would be dispose 1 to consider and protect the reasonable claims

for advancement to the officers. It is usually assume.l and asserted by

those interested that an officer has a " right" to be prom )ted, and tliat

great injustice is done when he is passed over or retired.

I suppose there exists entire unanimity of opinion among the officers

present that our government should consider strictly its own interests

in setting aside those officers who, from whatever cause, are not effi-

cient, even though the disability should be from wounds received in ac-

tion and the officer himself be a brilliant exemplar. It is presumed

however that his merits have justly won and entitle him to a retired

pay proportionate to his rank and his professional worth in the past.

It is an injustice to consider that an officer not recommended for pro-

motion, and who under present laws will be retired, may not have ex-

cellent qualities, and may not have done excellent service.

I will venture to say that there is not one among us, of the older of-

ficers at least, who has not a high personal regard and a warm friend-

ship for many brother officers who have been compulsorily retired,

when he believes too that the best interests of the service required

such action on the part of the retiring board. The intelligent discus-

sion of this subject by the Institute will not fail to show whatever dif-

ference of opinion exists among its members, and it will serve to en-

lighten our Iriends on a very important point.
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During a period of more than six years in charge of the Office of

Detail, a position advisory to the Secretary of the Navy in making as-

signments to duty, as all present are aware, I have no recollection of

any senator or member of Congress pressing a recommendation for

orders of any one against the reasons given, when fairly expressed and

understood.

Nearly if not all of the legislative difficulties respecting the Navy

grow out of expressions of opinion on the part of ourselves, either

crudely digested, or arising from personal or partial views and mo-

tives, through which a part of the Navy or its interests, is presumed to

be greater than the whole. If we can agree among ourselves and pre-

sent fiiirly the questions that belong to making the Navy efficient, to

and through the Navy Department, I think there will be no difficulty

in attaining a satisfactory end so far as legislation is concerned.

In relation to the adaptation of vessels built for the merchant ser-

vice to the fighting purposes of a Navy, it may be said that there is

not one in a hundred that, with tlie same displacement, would stand

an equal chance in a naval engagement with the best types of vessels

built for fighting. In general, inferiority of a vessel, in time of war,

results in her capture, instead of capturing her enemy. The result is

altogether more serious than inferiority in the ordinary pursuits of

commerce, especially when it is one of speed, and perhaps due to no

greater difference than having a fouler bottom.

It may be assumed that all sea-steamers hereafter built for our mer-

chant service will have compound engines with the boilers, and the

steam connections placed so high relatively, with vessels built for war

purposes, as to make the chances of striking them with shot or shell

far more probable, and thus increasing the chances of disabling the

vessel. There is a popular error that compound engines give increased

speed, when, in fact, they only effect economy of fuel when a vessel is

kept at a high and uniform rate of speed. A vessel thus furnished has

a conditional advantage of economy in fuel, advantageous in the ordi-

nary pursuits of commerce, and, on the other hand, with disadvantages,

for a vessel-of-war, in having more liability to breakage .from an in-

creased number of working parts, with whatever disadvantages may
exist in being compelled to carry a high steam pressure to attain a fair

speed. Whatever may be thought of the effect of an explosion of boil-

ers for compound engines, so far as the safety of the hull is concerned,

or of the relative scalding effects on the crew between decks, with

boilers having less steam pressure, in either case when the shell of a
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boiler is pierced, all of the lieat Avill escape instantly to the boiling

point, and as well of the water, which, owing to the increased pressure,

is much hotter in the boilers of the compound engine than in those of

the ordinary low-pressure, considered with the normal speed. The

view here presented, so far as concerns the relative values of compound

and ordinary low-pressure engines for vessels-of-war, corresponds with

that of a very capable officer who has commanded vessels having com-

pound engines for several years, and who has a practical familiar

knowledge of the ordinary low-pressure engines also, such as are com-

mon in vessels-of-war.

No wooden propeller steamers of any size are built, except on this

continent. A want of rigidity of frame, not of course demanded for

the safety of the vessel, but for the security of the engines against

bad lineage, and consequent frictions, heating of parts, and then

break-downs, makes them inferior to iron vessels when the latter are

"sheathed" or are "composite,"—neither of which are common in our

merchant marine, if they exist at all, and are not likely to be built for

the merchant service, as their construction would be more expensive

than the ordinary iron vessel.

There is no "composition" or paint known, that will prevent the

fouling of the iron bottom of a vessel ; and that too so speedily that a

month passed in inter-tropical or warm waters would so reduce the

speed that a sheathed and coppered vessel of the same model and

power would either overtake or run away from her, as might be de-

sired. It follows that vessels with iron bottoms would be unsuccessful

in capturing those with coppered bottoms, and, on the other hand,

would be liable to capture, from a comparative want of speed, under

the conditions that are unavoidable to cruisers.

There is another point fatal to the use of uuarmored iron ships,

and not "sheathed," for fighting purposes. Whilst a shot or shell

enters them without special damage, when passing out on the opposite

side it usually disrupts or tears off a whole sheet of plating, making it

impossible for the vessel to be kept afloat when so injured. This was

shown to.be the case in the attack on Fort Obligado, on the river

Parana, above Rosario, in 1845. The same result was shown in the

sinking of the Hatteras by the Alabama, and so quickly, too, that,

although the water was smooth, there was barely time to transfer the

crew to the other vessel before the Hatteras went down.

In short, the merchant steamer of to-day, with us, is not even well

adapted to pursue and capture the commerce of an enemy,—certainly
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not, if the bottom be of iron exposed to the action of salt water, from

the rapid loss of speed before alluded to, through fouling. Not only

is the bottom soon covered by oysters and barnacles, but with a won-

derful vegetable growth, much like a thrummed mat applied to the

bottom of a ship. So far as fitting tliem in any manner to meet vessels

of war of equal tonnage successfully, the average result would prove

entirely disastrous.

The war purposes of our Navy demand at least the protection of our

inland waters, such as Long Island sound, and our great bays, as well

as the immediate vicinity of the entrances to our principal harbors so

that no enemy could feel secure in those localities. We should also be

able to send on the high seas, along the great routes of commerce, ves-

sels capable of greatly injuring the commerce of our enemy ; and no

types of vessels could do this more effectively than the classes which

we should build and send abroad in time of peace to police the seas, to

serve as schools of instruction, and to carry out the other purposes of

a Navy, which I trust have been shown to be substantial, indeed in-

dispensable to the best interests of a great commercial power.

As for " convoys ' and " blockades," we may suppose that they will

be rare indeed ; a convoy requires long and vexatious delays, and, in

transit, a relative low rate of speed, which would make protection al-

together doubtful. A blockade of a port, or even many of them,

would only increase railroad transportation with us ; the blockade of

the ports of any country of Europe, even if considered possible, would

seem only to make supplies of whatever kind arrive through the ports

of friendly adjacent powers, and to transportation by railroads.

There is so much diversity in the recognized weapons of naval pow-

er, and such a diversity of models, of the means of propulsion, and of

displacement of vessels-ofwar that will directly antagonize each other

in war, that a great diversity of opinion must exist even among those

best informed concerning them and their relative fitness for destruc-

tion,—the end in view. Those instruments, Avhether simple or complex,

which will effect the best and most satisfactory results at the least cost,

are those which are the most worthy of adoption. Unless the end be

kept rigorously in view, the consideration of the subject becomes ideal

and intangible.

I venture the opinion that the time is not distant when the Marine
Ram will take the place of the enormously expansive armor plated

gun-bearing ships of to-day, and when iron framed steamers,

" sheathed" and " composite," with good sailing and great steam pow-



129

er, will form the cruising naval force, supplied with such aid as may
be desirable from movable torpedoes, whether carried in torpedo

boats guided by a crew, or like the " fish" torpedo, left to their own

guidance when released.

I am quite aware of the existence of a strong prepossession on the

part of many officers for wooden-built ships, and recognize some points

of superiority which they possess, particularly in battle. Without

entering into a close comparison between wooden-built vessels-of-war

and iron vessels of the " sheathed ' and " composite" constructions, I

think that past experience has shown that hitherto constructors have

failed to give the necessary rigidity to the frame work of wooden pro-

pellers having long shafts, and hence the impossibility of driving them

at a high rate of speed for any length of time without a break-down.

The iron frame and sheathing of iron vessels when sufficiently heavy,

and built with a proper distribution of metal, is practically rigid
;

whatever the unequal distribution of weights in sections as compared

with their displacements, no change of model will occur, at least with-

in the limits imposed by the distributions of weights, with ordinary

batteries and other conditions required for vessels-of-war.

While the first cost of the "sheathed" and "composite" vessels-of-

war will be slightly greater than that of wooden vessels of the same

displacement, at least until we have a proper " plant" for their con-

struction and experience in it, they will doubtless be found far more

economical when the time for repair/ arrives. When the frame of a

wooden vessel requires repairs to any extent, the cost becomes actually

greater than the construction of a new hull, and the result quite un-

satisfactory, as the vessel is serviceable only for a short time, and then,

is added to that long list of disabled or partially serviceable vessels

with which our Navy is unhappily filled. On the contrary, the vessel

having an iron frame is readily repaired at a comparatively small cost

and then becomes substantially a new vessel.

I doubt not that so far as what has been said relating to the purpos-

es of our Navy will be supported by the observation and experience of

every one conversant with the subject ; and that much more could be

said of great weight in support of its necessity as a peace establish-

ment. On so broad a subject as the best methods of attaining naval

efficiency, and as to the classes of vessels and the implements required,

there must necessarily be wide differences of opinion. The very many

changes that have occurred in naval architecture in the past half cen-

tury are quite remarkable, and there seems to be no reason to suppose
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that we have reached the models aud constructions that will stand the

test of time, or that we uow have the enginery and armaments of per-

manent adoption. It seems worth while for us neither to be fixed in

the idea that we have reached a state of comparative permanency, nor

on the other hand to expect to rely upon supposititious aud untried de-

velopments of naval strength. The time of peace, however, is the time

to design aud test whatever seems calculated to make naval warfare

formidable, destructive and economic, remembering that nothing is

economic that is not effective.

So far as the personnel of our Navy is concerned, relatively with

that of other powers, I think that we may feel satisfied. Considered

physically, mentally, morally and professionally, I think our officers

are not surpassed by those of any other Navy. After a careful selection

aud training at the naval school, and during " practice cruises," comes

the practical instruction on board of a vessel-of-war, with its fatigues in

watches, drills, labors and experiences which teach. There is perhaps

no training more calculated to give vigilance and coolness in peril

than that of naval life at sea. Every day brings its alarms, feigned

or real ; the alarm of fire without previous warning awakes the sleep-

ers, and only after all of the preparations are made to extinguish it,

the oi'dinary result shows it to have been an exercise. Fierce winds

sweep suddenly across the ocean, and vigilant indeed must be the

officer who is not at some time '' caught napping." The life is one of

intelligent routine, aud at times^u earnest struggle for existence itself,

and that too when the dangers of war do not exist. Courage is a

natural quality, far more common than many suppose,—at least, suffi-

cient cour9,ge to do a recognized duty; but that alone will not suffice.

That eminent divine, the Dean of Westminster, said, " Courage, self-

control, discipline,—these are the gifts by which victories are won on

earth." These are golden words : if they are taken to heart by our

young officers, we have nothing to fear afloat from the power of any

adversary.
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Comdr. William Gibson. Mv. Chairman and gentlemen: I have lis-

tened Avith the greatest pleasure, as we all have, to the able and inter-

esting paper we have just heard from Admiral Ammen ; and I am sure he

will pardon me if I call attention to what, I think he will agree with me.
was inadvertently omitted from that paper,—namely, a reference to the

duties of the HydVographic service. It is simply impossible to exaggerate
the importance of that service. The men-of-war in time of peace cannot
be better employed, it seems to me, than in marking out the ocean high-

ways, in tracing the perilous lines of coast, in scouring the harbors, in

marking the lurking shoal and the bold reef. These duties belong to the

Hydrographic Office, and none are more important in the range of the Na-
val service. These charts, prepared by the Hydrographic Office, take away
from us the terrors of Charybdis, and save us from the jaws of Scylla. You,
Mr. President, know that in doing this work, our brave meii often carry

their lives in their hands, and you will join in the sentiment and regret

that, to the noble army of martyrs in this field, headed by Cook and La
Perouse, must now be added the name of William King Bridge, command-
er and representative of the unfortunate brig Porpoise. Of him we question

the great deep, and there is no reply.

But it is of the Hydrographic Office I would speak. This Office is at

present organized and is in the way of its enlai-ged and ever enlarging
sphere of usefulness. It is the center and source of all this work. Under
its auspices vessels are despatched on their errand of usefulness ; for it is

necessary to do this work on the field, and charts must be constructed from
the actual surveys they make, for the benefit of all our ocean travel. And,
gentlemen, how interesting and beautiful is this chart-making! How won-
derful to watch the working sheet—the chart growing into shape and re-

cording, in unerring lines, the results of the skill and pains-taking labor of
the brave men in this service! How full of interest to trace the growing
lines from peak to peak, from headland to headland, and from point to

point, covei'ing, as with an aerial net-work of triangles and curves, every
square yard, as it were, of the ocean's floor. These charts, thus made, by
the Hydrographic Office are not only furnished to our men-of-war, but are

given to the w^rld. They are sold, I believe, to the commercial marine,
for the cost of paper and printing alone, and they are of incalculable value.

A more valuable service could not, I believe, be rendered to the commerce
of the world than the making and pulilication of these charts.

As an illustration only, I will mention the meteorological chart just com-
pleted by Lieutenant T. A. Lyons. In place of the confused and compli-
cated old Maury charts this chart gives us on every square of latitude and
longitude, barometric notes, lines of the winds and currents, and everything
essential and useful to know, in clear and legible and beautiful outline, so

that " he who runs" his vessel " may read" them by the dim light of a cabin
lamp.

I mention this as a mere incident to illustrate one of the features of this

service, and not to the disparagement of much other valuable work done by
that office. It is a simple expression of my estimate of the importance of
the duties with which that otfice is charged, and which it is so efficiently

performing for otn- naval department.
Rear Admiral Ammkn. I have to thank Commander Gibson for re-

minding me and the Institute of the very great value of the Hydrographic
Ofiice. It only goes to show how extensive and varied the purposes of a
Navy are; and 1 am quite sure that I have taken too much interest in Hy-
drography to fail for a moment to appreciate that work. The fact that I

did not name it in my paper is simply other evidence of the truth that so

wide and multiform are the purposes of the Navy that the limits of a single

paper such as I had prepared, could not be expected to include all of these

important interests and offices of the naval service.

Captain S. R. Fkanklin. Mr. Chairman if there is nothing more to be
said by way of conversation or discussion of the paper just read, I move
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that a vote of thanks be extended to Admiral Ammen for his very able and
instructive paper.
The motion was agreed to and the vote of thanks unanimously passed.
Rear Admiral Ammen. I feel very much obliged to you, gentlemen of

the Institute, for your kind appreciation of my paper.
Rear Admiral John Rodgeks (the President). It seems to me, gen-

tlemen of the Institute, a fear may well be entertained that the regular
men-of-war will not engage with any great earnestness or heart in making
surveys. The officer employed in the specific duties of a man-of-war, looks
perhaps witli impatience at work which, more or less, diverts him from
the main objects and purposes of a regular cruiser. You cannot expect a
company of soldiers, enlisted for military duty, to make canals, or to con-
struct railroads willingly, however necessary these may be, and however
useful to the country.

It seems to me, therefore, that surveys must be assigned to special vessels.
I know that when officers of men-of-war have been called on to make
charts, they have looked upon it as something outside of their regular line
of duty. It often happens that officers of good attainments know little

about hydrography; some of them, I fear, care little about it. They nat-
urally prefer to see the surveys and chails made by those who have spec-
ially studied hydrography, and who know exactly how these things should
be done. I think, therefore, it is important that vessels should be sent
abroad charged with the special duty of making charts, and having officers
specially detailed for this important part of naval work. The world is full

of erroneous charts : we do not want to increase their number. What we
need now is something more accurate and more reliable than we find in
antiquated charts of half-civilized countries. The time of I'unning surveys
is virtually past. What we want, where we have need of new work, is,

specific, accurate, and minute surveys.
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EooMs FOR Recreation and Places of Refuge for the Crews

OF THE Several Squadrons.

EXTRACT FROM A REPORT TO TfTE PRESIDENT OF THE FRENCH

REPUBLIC.

By Vice Admiral A. Pothuau, Minister of Marine,

April 1878.

Translated by Duncan Kennedy, Lieut. U. S. N.

In addition to the information given in the report submitted to the

President of the Republic upon the state of elementary instruction in

the fleet, the Minister of Marine believes it to be a duly to publish the

following notice, relating to the results of moral measures taken to es-

tablish for the men of the different squadrons rooms for recreation and

places of refuge.

The establishing of rooms for recreation and places of refuge dates

back to the year 1872 ; at that time Vice Admiral Pothuau, in charge

of the Navy Department, ordered the experiment to be made, and it

was not long before the results justified the step and showed the pro-

priety of developing these new institutions as far as possible. An or-

der dated Nov. 26, 1873, oflicially recognized these institutions at the

five naval stations—Cherbourg, Brest, Lorient, Toulon, and Rochefort

—

and authorized the rules for internal regulation which had been pro-

posed at the station at Toulon. The results have far exceeded the

hopes of the most sanguine, and the rooms for recreation in conjunc-

tion with the libraries, providing sailors while on shore with wholesome

amusements of a moral character, are fully appreciated.

The rooms are large and airy, bright and warm in winter, and are

provided with tables and benches. Connected with them are restau-

rants, tobacco shops and stands for the sale of toilet articles and |5er-

fumery desired by sailors. The men smoke and amuse themselves as

they please, feeling that it is their own house, while a very slight watch-

ing suffices to maintain perfect order. It is the place of meeting for

sailors and under officers of all grades, who mingle according to their

individual likings.

At present the recreation rooms provide ample amusements of all

sorts ; noisy and boisterous sports outside in good weather, and inside

the rooms themselves. There is an annual appropriation for purchas-
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ing and renewing such games and amusements as are most to the taste

of sailors. The reports from the different stations are unanimous in

proving the advantages of these institutions, which fulfil perfectly the

objects for which they were established ; to furnish amusement for the

men and to draw them away from rum shops, by making their time at

the rooms pass agreeably. It is in winter especially that these places

are of great benefit by furnishing the sailors with a place in which to

spend their liberty in good condition.

During the last five years most interesting details of the working of

these rooms and of the additions which they are daily receiving, have

been sent to the Minister of Marine. At Cherbourg the sailors fre-

quently meet fur games which are followed by the distribution of priz-

es. An idea none the less happy has been the establishing of shooting

matches, which are held every Sunday and holiday. Finally to en-

courage the men in this sport, every where thoroughly appreciated,

special targets have been used in these matches.

Brest gives figures which speak for themselves. During the first

quarter of 1874, the admissions to the rooms amounted to twenty-one

thousand eight hundred and sixty-two before the retreat* hud sounded

and to four thousand three hundred and twenty-eight after the retreat,

two thousand four hundred and forty-six men who came not being able

to find room.

There is no time, as the reports show, when the men are anxious to

escape and crowd to the doors at which they are free to go out ; for

they have now within their reach amusements which restrain them and

moderate the longing to rush outside, formerly so irresistible. Fre-

quenting the recreation rooms seems to be becoming more aud more a

habit with the sailors at Brest, just as at the other ports.

At Lorieut it is proved that these rooms for recreation have aided

greatly in diminishing the number of the cases of intoxication. Not

only are the rooms largely frequented, but it is at the same time noticed

that the men, after strolling through the towu and the country, return

to the navy yard to meet and enjoy themselves while waiting for the

time to return to their ships or quarters.

At Rochefort the result is the same.

These rooms, says the report, are great competitors of the rum shops,

to the great advantage of our sailors.. Finally this is what is said in

the report from Toulon :

* The retreat is the call to return to the Navy Yard, and is sounded when
the liberty is up so that the men may know when to return.
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" In conjunction with the library the rooms for recreation have en-

abled many men to shun the unwholesome temptations of the streets

;

and to those who were accustomed to abandon themselves to this com-

mon way of living, it will in time become a thing of the past, remem-

bered as one of the distractions incident to the exigencies of the serv-

ice."

Thus it is acknowledged everywhere, that the establishing of rooms

for recreation is one of the most useful and efficacious means which have

been attempted of late years, for entertaining and improving sailors.

They seem to understand and appreciate all that has been done for their

comfort, and there follows a feeling of gratification which must con-

tribute to the good discipliue noticable in them. It may be asserted

without fear of contradiction, that these institutions exercise a great

and salutary influence on their conduct. Nowhere is there any com-

plaint of the behavior of the sailors in the rooms; good order and dis-

cipline are never disturbed. The principal games in vogue and com-

mon to all the stations are as follows : rings, cup and ball, billiards,

bowls, .-^ards, checkers, dominoes, croquet, chess, skittles, and solitaire.

The most popular out-door games are bowls and skittles, while in-doors

cards, checkers, dominoes and loto, hold the first place; the warrant

ofiicers particularly play billiards a great deal.

Places of Refuge.

In a different manner, but still in the same general plan, the places

of refuge render our sailors great service in allowing them always to

find a free lodging for the night, and in removing them from tempta-

tions to which they might be exposed, to the great detriment of their

health and purse.

It is well known that it is the rule in the navy to keep men busy

every day in the week, giving them liberty only from evening till

morning ; a careful investigation has demonstrated the necessity of

keeping up this old custom in the different divisions of the fleet. These

places of refuge are for the benefit of the men whose families do not

live at the post and who consequently cannot spend their nights at

home, that they may enjoy their liberty in rest and quiet amusements.

These places were first established towards the close of 1872, and

since then tliey have been regularly instituted at the five stations ex-

cept Lorient, where the conditions were such as to offer no facilities for

the establishment of such an institution. As the sailors begin to ap-

preciate the resources and benefits of these establishments, they are
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everywhere being extended. The places offer certain comforts in ac-

commodations for sleeping and bathing. The policing of the place is

confined to a boatsvvain's-mate. At Toulon, the place of refuge is on

board the hulk " Patache," where about fifteen beds are placed at the

disposal of the sailors, each of whom as he comes in, receives a mat-

tress and bed clothes ; a very well arranged lavatory completes the es-

tablishment.

Upon entering, the men give their names, their service numbers, and
state if they belong to the station, or to what ship. These different

statements are entered in a register provided for the purpose, and kept

by the boatswain's-mate in charge. A small locker containing a num-
ber of separate compartments corresponding to the number of the dis-

posable beds, is placed for the use of the petty officer in charge, for

storing the money, jewels, papers, &c., which may be deposited with

him by the men who come to pass the night at the refuge. Printed reg-

ulations, setting forth the rules adopted for the interior police of the

refuge, are hung up in the rooms ; they show the punishment to which
any man renders himself liable who disturbs the good order of the

place, and how he may subject himself in one way or another, to pun-
isjiment by the authorities. It is very seldom that the authorities are

forced to resort to repressive measures, the reports from the different

stations showing on the contrary that everything goes on quietly, and
that punishments are almost entirely unknown.
The following table shows the number of men who take advantage

of these places to pass the night; these figures bear ample witness to

*the usefulness of these institutions.

Ports.

Cherbourg,
Brest,
Lorient,*
Rochefort,
Toulon,

A room called the "resting place" is provided for sailors travelling

to Paris. It is open, according to the season, from 6 or 7 in the morning
till 9 at night. The men find in this place a comfortable shelter, camp
beds and covers on which they can sleep, a library and illustrated

journals. Here they can make themselves neat and presentable ; but

* As there are no rooms of refuge at Lorient, measures have been taken
to allow the men from the different vessels to sleep on board hulks as far as

they can be accommodated. This arrangement is regularly organized and
gives results similar to those obtained at other stations.
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•what is more important is that here they are protected from the solicita-

tions of runners Avho, under the pretext of carrying their bags and

guiding them in the city, steal their money and entice them into grog

shops. The boatswain's-mate in charge after having directed the men

to the railway stations gives them all necessary instructions about the

departure of the trains in different directions and about the public

houses which have agreed to take sailors at reasonable rates.

The rooms for recreation and places of refuge have made a real

advance in the rude lives of the sailors, who are by these means re-

moved from the isolation and the temptations which to them are very

great. These men are under no restraint outside of the service, but

the attempt is made by every means possible to keep them at all times

willingly under the regulations of discipline and duty. Experience

has already shown them how great are the advantages to them of such

institutions, for which they are indebted to the Navy Department.





NOTE OF THE MANUFACTURE OF NITRO-GLYCERINE

AT VONGES.

Professor Charles E. Munroe, U. S. N. A.

On page fifteen, of the present volume, I have described the process

for the manufacture of nitro-glycerine, in use at Vonges and there I

stated that as the factory was not in operation, I could only see the

apparatus used, and hence there was a possibility that I had omitted

some essential points in my description.

Since presenting this paper I have received a copy of the second vol-

ume of Upraann & Meyer's Traite de la Poudre, translated from the

German, and considerably augmented by E, D^sortauix, which has

just been published in Paris. This contains the first description of the

process, with the exception of mine, which has been published, and it

confirms my description, with the following additions :

The mixing of the glycerine and sulphuric acids is eflTected in the

mixing trough, shown in Fig. 8, by allowing thirteen kilos, of glycer-

ine to run slowly into the trough in which 41.6 kilos, of sulphuric acid

has been placed. The stirring is continued for an hour or an hour and

a half, according to the season.

The lever, which is represented in Fig. 9, attached to the cover of

one of the cells in the battery, is counterpoised so that a slight increase

in pressure v.'ill lift the cover out of the trough and unseal it.

The temperature rises in the converting cell during the first quarter

of an hour after the mixing is efiected, to a maximum of from 27° C.

in November to 48° in August, varying with the season.

The product is drawn off" by leaden siphons, the acid being drawn

first into glass carboys and then the nitro glycerine into earthen ves-

sels. In the washing room the nitro-glycerine is thrown into large,

glazed cylinders, containing water ; the nitro-glycerine sinks to the bot-

tom and is drawn ofi" by a stop-cock. The washing is completed in

large agitators, similar to those shown in Fig. 8, fifty-five kilos, of ni-

tro-glycerine being mixed with three times its volume of water heated

up to 30° C. It is washed thus from ten to eighteen times, and to the

last two portions of water one hundred grms. of bicarbonate of soda

are added. The opaque hydrated nitro-glycerine is now dried by filter-

ing it through layers of sponge placed in a tin plate cylinder, the hot-
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torn of which is pierced with holes. The nitro-glycerine is squeezed
out by means of a perforated wooden plunger, while the water remains
behind in the sponge. This operation is repeated until the nitro-glyc-

erine is perfectly clear.
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NAVY DEPARTMENT, WASHINGTON,

February 27, 1879.

Rear-Admiral Thornton A. Jenkins (Vice President), in the Chair.

NAVAL AFFAIRS.

By Lieutenant Frederick Collins, U. S. Navy.

Mr. President and Gentlemen :

—

Having accepted your kind invitation to read a paper before the

Institute, I had already progressed well towards the completion of an

essay before I knew that the very distinguished officer who read the

last paper* had selected a subject almost identical with that on which I

proposed to address you. On listening to his very able paper, at the

last meeting, I was not a little gratified to find his views according

generally with those set forth in my own paper, then already nearly

prepared. His very clear and thorough exposition of the points dis-

cussed would appear to render superfluous any further treatment from

me, yet I venture to lay before you what I had prepared, hoping that

as the subjects treated are of wide scope and vital importancee, another

discussion of them from a somewhat different standpoint, may not

prove uninteresting as cumulative evidence of the tendency of thought

in the service at the present time.

In the brief space of a single paper, so broad a subject as that to

which I invite your attention this evening, can be considered in a few

of its phases only, and they merely in outline. In what follows I pro-

pose to discuss briefly the necessity for maintaining a powerful navy
;

the condition of our present establishment; and to propose such

changes in certain particulars as are, in my opinion, necessary to enable

* " The purposes of a Navy, and the best means of rendering it effi-

cient," by Rear-Admiral Amman.
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it to perform its legitimate functious witli efficiency, economy, and cred-

it to the country, both in peace and war.

It may be considered idle for me to enter into argument to show that

the prosperity and safety, as well as the prestige and dignity, of our

country demand the maintenance of a powerful navy, for the argu-

ments have often been presented with much more force and cogency

than lie within my power. But, whether it be that our civil polity is

not prolific in statesmen of broad views, or that the principles of politi-

cal economy have with us no other outgrowth than partisan parsimony,

or whether it be for some other reason less obvious to the average mind,

it is certainly true that argument and the voice of history alike have

thus far appealed to deaf ears. The facts therefore cannot be too often

repeated and insisted upon.

" The Navy," says the Secretary in his report for 1871, " is our only

means of direct protection to our citizens abroad, or for the enforce-

ment of any foreign policy ; and while we may have some reason to

hope that in our own generation we may see the beginning of the end of

warlike strife among the more enlightened and free of civilized nations

yet we cannot expect that the world will be wholly civilized in our day,

nor that freedom will come to it without contention. Barbarism will

still respect nothing but power, and barbaric civilization repels alike

interference, association and instruction. Even in civilized communi-

ties, ambitious, selfish and turbulent passions will sway the actions of

men, and arbitrary power will not yet resign, without a struggle, its hold

on the organization of civilized society. Not only on the shores and

among the islands of our own continent, but in every sea-port of civil-

ized Europe ; in Asia, from the shores of the Bosphorus to the head of

navigation of unnamed rivers on the confines of the Chinese Empire
;

in Japan ; in the islands and semi continents of the East, and among
the groups of the Pacific and the Southern Oceans, our citizens claim

and need protection. In every quarter of the known world they are

found occupying every field which enterprise dares invade, or which

energy avails to conquer ; and everywhere, outside of our own limits,

wherever they enter, they carry with them affirmative, and sometimes

aggressive, ideas of freedom and progress, antagonistic alike to the

traditions, customs and habits of the people, and the ideas and prac-

tices of local governments. Such is the result of our progressive

civilization upon the enterprising and affirmative spirit of our people.

Its effect is apparent in every land that they penetrate; and we cannot

afford, either as a government or as a people, to neglect wholly our re-
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spousibilities as a represeutative nation, nor our national obligations to

our citizens who, wherever they are, claim the countenance of the gov-

ernment and the protection of its flag."

In all nations commercial supremacy and naval power have gone

hand in hand. That the former should precede and the latter follow

is true ; but we have once made the fatal mistake in this country of

permitting our commerce to develop with no commensurate addition

to our naval strength, and, should occasion offer, it is to be feared

that we will do so again. Moreover a recognition of their intimate

relations should impel any nation discovering its commerce on the

wane to redoubled efforts to maintain an efficient navy as one of the

most important aids to its resuscitation. In times of commercial pros-

perity good seamen are abundant, and vessels more or less fitted to

serve a temporary purpose in the navy may be had when wanted. But

when commerce has long been on the decline, neither the seamen nor

the ships are forthcoming on demand. How much the more necessary

then to exercise the most solicitous care, at such a time, to maintain a

proper naval establishment, ships, officers and men.

If we can go to market when we like and buy as occasion demands,

we may, perhaps, look upon an empty larder with some degree of com-

placency. But when the market is not at hand we should stock our

cellars lest the unexpected arrival of a guest put us to shame. War,

happily for us, has not been a frequent guest, but it is his habit to

call on short notice and to stay after his welcome is well worn out. It

therefore seems the part of prudence to maintain a reasonable state of

preparation.

Diminished revenues may imperatively demand a diminution of ex-

penditures, but in reducing our military establishments we should at least

preserve always the elastic nucleus capable of immediate expansion

when times demand. In starting upon the work of reduction both in

the army and navy at the close of the civil war this principle seems

to have governed. But of late it appears in danger of being forgotten.

There is a legend afloat in the service (I dare say you have all heard

it) of a certain First Lieutenant of the olden time, who, considering

that the bean broth made for the ship's company was too thick, ordered

that the trouble should be corrected by putting in fewer beans. This

order obeyed, it resulted that the broth was too thin, whereupon less

water was ordered. Thus, beans and water were alternately abstracted

till nothing was left. So with the army and navy, they never seem to

be exactly right, but, thick or thin, the remedy is always subtraction

—
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never by any chance, addition. It is just now complained that the

navy is too thick with officers. This may or may not be true, but, as

there is not enough of it as it stands to satisfy the needs of the coun-

try, the proper remedy would seem to be to dilute it with a few men.

There are certain cases in which the statement of an isolated fact,

however incontrovertible the fact in itself may be, inevitably leads to

erroneous conceptions of the subject to which it relates. A boy in

school who reported himelf as standing next the head of his class was

warmly congratulated ; but, when it appeared that there were only two

in the class, his brilliancy was questioned although his veracity could

not be doubted. So when the statement is made that there is one

officer to every three men in our navy, the impression naturally is that

the number of officers is excessive and should be reduced. But when

we learn that there is in the navy only the six thousand six hundred

and sixty-sixth part of a man for each inhabitant of the country, it

appears rather that the number of men is ridiculously small and should

be increased.

In appealing to the past to show the necessity for a navy to protect

our commerce, we need not go beyond the history of our own country,

nor to the record of events more distant than those within the vivid

recollection of all here present. During the half century succeeding

our last war with Great Britain our commerce developed with unex-

ampled rapidity. In 1860, the carrying trade of the world was largely

in our hands and seemed likely to remain in them. Relying, however,

upon a bliud belief in the " manifest destiny of the Republic," as the

phrase was, no adequate navy had been created for its protection. In

the following year, like a thunderbolt from a clear sky, the blow fell

from a most unexpected quarter and our flag became a stranger to the

seas.

To my mind there is no doubt that, had an adequate naval force

been at the disposal of the government at the outbreak of the civil war,

the ports of the states seceding would have been seized before they

could have been put in a posture for defence. Not a blockade runner

could have entered ; not a rover could have escaped to prey upon our

commerce ; those fitted out elsewhere would have been cut short in their

careers of destruction ; and, in a word, the whole train of causes lead-

ing to the extinction of our foreign carrying trade would have been

nipped in the bud. How much better for all concerned on both sides

would not this prompt settlement have been, than the long years of

strife and blood now a part of our history ?
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Protracted and exhausting internal strife is quite as fatal to the com-

merce of a country as foreign aggression. To put a stop to either in

the shortest possible time, and with the least possible loss, no means at

the disposal of a country situated as this one is, can be more efficient

than a powerful navy.

But if the teachings of the past are insufficient let us glance at the

possibilities of the future. Suppose our commerce to start now upon

the career of prosperity that the near future seems to promise. Sup-

pose that it develops until it begins to threaten to control the carry-

ing trade of the world. Suppose, all other means failing to arrest our

progress, the hands in which the carrying trade now rests—hands at

once so dependent upon it and so capable of defending it—decide to

appeal to the arbitrament of war. Suppose, finally, the relative naval

strength of the two countries to remain as it now is. What would be

the result? I venture nothing in saying that, within one month from

the declaration of war, our commerce, foreign and coastwise, would be

annihilated : our principal seaports, even if we succeeded in defending

them fi'om capture would be hermetically sealed, while our coasts

would be ravaged from the St. Croix to the Rio Grande. This, of

course, could not go on forever. We should devise means to drive

the hostile fleets from our coasts. But this would take time. Mean-

while the mischief would have been done, and property destroyed in

thirty days of sufficient value to cover the expenses of an efficient

naval establisment for thirty years.

We have never yet had a war with a naval power in a position to

give us its undivided attention. When we do, if the unlucky day finds

us as ill provided as we we now are, our countrymen will look with as-

tonishment upon the methods of annoyance that modern means of

warfare will place within the reach of an alert and aggressive foe.

But if it is neither to be supposed that a war of two great sections

will ever again desolate our country, nor that we are liable to attacks

from without, the experience of the past few years should teach us

that domestic violence, in the form of serious riots, is to be anticipated

from within. Eras of discontent among certain classes of our popu-

lation are sure to come. We live in an age of sudden and radical

changes. New discoveries are constantly demanding a more or less

extensive readjustment of our social, commercial and industrial rela-

tions, and while such readjustments are in progress, large bodies of

persons are sure to suffer. At such times it is not unnatural that the

persons thus affected should look upon their changed condition (though
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brought about by the operation of natural laws as immutable as the

principles governing the material universe) as forced upon them by-

conspiracy on the part of those more fortunately situated than them-

selves. As far as our native citizens are concerned there is nothing to

fear, but we have a large heterogeneous foreign population compris-

ing many elements of a most dangerous character. Among us but

not of us, they are the scum thrown off by the ever-boiling political

cauldron of Europe, as from time to time it becomes too hot to hold

them. They are neither of our race nor our ways of thinking. Un-

accustomed to the methods by which our citizens, under a free govern-

ment, express their will with thei)allot, and unmindful of the horrors

of anarchy—the bare possibility of which is worse than almost any

evil that can befall a people under even the worst form of govern-

ment—they look upon a resort to violence as the only cure for all the

ills of their condition, real or imaginary. Congregated chiefly in the

populous cities of our seaboard, and standing as they do ever ready to

fan the spark of discontent into the flame of violence, these people

are a perpetual menace to the stability of our social and political

fabric.

I do not shai-e with Lord Macaulay his apprehensions that in some

season of adversity our people will do things that will prevent prosper-

ity from returning ; that there will be spoliation increasing the distress,

and distress inciting to fresh spoliation, until either civilization or lib-

erty must perish : until either some Csesar or Napoleon will seize the

reins of government with a strong hand, or our republic will be as

fearfully laid waste by barbarians fx'om within as was the Eoman Em-
pire from without. I do not fear, I say any such fearful culmination

as that, fori have faith in the "saving common sense" of our citizens

to teach thera that the true interests, of every person, rich or poor, not a

professional pirate upon society, are best served by the maintenance of

law and order. But I do fear that a lack of preparation to crush such

demonstrations at their inception may lead to their more frequent oc-

currence and enable them to assume serious proportions, with deplora-

ble consequences, when otherwise they would have proved of little

moment.

As these scenes of violence are likely to have their commencment in

our seaboard cities, the Navy, evidently, is a most efficient instrument

for their suppression. Our seamen, as well as the marines, are now so

drilled as to operate on shore with all the facility of soldiers; and the

man-of-war, ready to proceed at once to any point accessible by water.
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and carrying with her everything necessary to make her a base of sun-

plies for her forces, realizes in the highest possible degree that mobility

necessary where widely separated points are to be protected by a com-

paratively small force.

The necessity for a Navy of some sort, however, while by no

means unquestioned, is so generally admitted that the main interest

for us centers rather upon the second point proposed for discussion ; the

present condition of our naval establishment.

We naturally commence a consideration of this question by an

inventory of our possessions in the naval line. The list, unfortunate-

ly, is not long ; still, we have some things that are really valuable

and which were we without, the creation of a navy would be truly a

formidable task. What then have we ? First, an organization in running

order, which, (although it could, in the opinion of many, be changed

greatly for the better) has proved itself competent to administer with

a certain degree of efficiency the affairs of a navy as large as we may
wish to create. Second, a corps of trained officers comprising in its

various branches, it is to be supposed, all the talent necessary to create,

organize and maintain an efficient naval establishment; and already

sufficiently large to officer a respectable navy whenever Congress shall

see lit to provide proper ships and seamen to man them. Third,

the finest educational establishment of the kind in the world, capable

of turning out as many graduates as the casualties of the service in

any ordinary times may require. Fourth, the nucleus of a training

system that seems likely to give the service a superior class of Ameri-

can seamen, devoted to the flag and trained to the service, to supersede

the motley crowd (not long since manning many of our national ves-

sels) whose speech was a confusion of tongues, and to whom the Stars

and Stripes or the cross of St. George were alike objects of indifference,

symbolizing nothing higher than pay, nothing holier than rations.

Fifth, a number of well situated yards where the facilities for the

construction of any type of vessel and ordnance we may require already

exist, or may readily be supplied. Sixth and last, to sum up briefly, a

fleet of some sixty cruisers of antiquated type, mostly in various stages

of dilapidation, poorly armed and of insignificant speed, with some

two dozen iron-clads, having neither the armor to make them impreg-

nable nor the ordnance to make them formidable.

This last is almost calculated to provoke a smile, yet we are talking

seriously of the navy of a nation of forty millions of people, proud and

progressive, the sails of whose ships have in times past "whitened
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every sea," and who look confidently forward to the day in the near

future, when they will do so again. Such a state of affairs is cei'tain-

ly anomalous ; how then is this decline of our naval power till it ap-

proximates the vanishing point to be accounted for ? Many causes,

some of large influence, others of small, some of direct and immedi-

ate influence, others of indirect and remote, have of course con-

tributed to bring it about. But, in ray opinion, it may be traced to

three principal causes of which I mention as the first, although it may

not be the chief, the results of our experience in the late civil war.

The history of the part taken by the navy in that struggle, is cer-

tainly a glorious one. The results achieved were amazing to the world

and most honorable to all connected in any way with producing them.

But the circumstances were peculiar and our exultation over our suc-

cess should not blind us to the facts, nor lead us into false conclusions.

Our navy in 1861, though relatively of much greater strength than

now, was uttei'ly inadequate to the gigantic task set before it, yet we

soon improvised an establishment of enormous proportions that proved

wonderfully successful in accomplishing the difficult work that fell to

its lot. Seeing these successes, and not qualified to judge of the cir-

cumstances, the public not unnaturally has become possessed of the

idea that it will always be possible to improvise a navy when war

threatens, and, consequently, that in times of peace hardly anything

more is necessary than that a few educated officers should keep alive

the germs of naval knowledge, much as the monks did that of letters

during the middle ages.

This idea in the public mind is, I say, not unnatural, but those

qualified to judge, know it to be utterly fallacious, and it is our

duty to warn the country of the danger into which such ideas will lead

it ; to teach our fellow citizens to draw correct lessons for their guid-

ance in the future, rather than to allow themselves to be lulled into

ialse security by basking in the light reflected from the great achieve-

ments of the past.

The circumstances of our last war were, as I said, peculiar, and not

likely to recur. Our next war will, in all likelihood, be with some na-

tion possessing a powerful naval foi-ce. Suppose, now, the states lately

seceding had possessed such a force at the outset, while the general

government was as poorly provided as at present. How quickly would
the tables have been turned. How infallibly would our principal sea-

ports have fallen at once into their hands ; of what avail against

their powerful cruisers with trained officers and disciplined crews,
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would have been our guu-boats, hastily improvised from the most in-

congruous and unsuitable material, manned, and iu many cases officer-

ed, by fresh recruits entirely destitute of naval training and experience ?

they would have been swept from the sea, if indeed our ports had
not been siezed before time was given us to fit out even such travesties

on men-of-war. The tables, I repeat, would have been turned ; north-

ern ports would have been closed while southern ones would have re-

mained open to receive supplies from those so eager to furnish them,

and the flag of the Confederacy with the prestige of such success would

have been recognized in Europe ere the nation had half recovered from

the stunning blows thus showered upon its defenceless head.

Such would have been our experience then : such it will be in the fu-

ture if we allow ourselves to be drawn into war as ill prepared as we

now are. The experience of the last ten years shows that wars in

these days are short and decisive. The strongest and best prepared

nation advances like an avalanche and overwhelms its foe. We may
be protected by our situation from being overwhelmed, but not from the

infliction of loss, annoyance, and suffering, of which in advance we
can form but little conception.

Our best means of defence against foreign aggression is, of course, a

navy, and the idea that one can be improvised under the spur of ne-

cessity is at once foolish and fatal. Trained officers and men will not

spring up at our call as clansmen at the whistle of Rhoderick Dhu
;

neither can ships suitable for naval purposes be built in a hurry, nor

patched up out of those taken from the merchant marine.

The second great reason for allowing our naval power to decline, is,

I believe, to be found in the general belief, towards which our people

have been drifting, that all questions relating to the defence of our

coasts and harbors are to be settled in the main by the torpedo. For
my own part, I dissent entirely from this belief. I yield to none in

honoring the officers of our service who have with such genius devel-

oped the capabilities of this terrible instrument of destruction; nor

indeed, I may say, do I yield to any iu a most wholesome respect for

the torpedo itself. But to assume that, unaided, it can protect us

against aggressions from an enemy possessing a powerful fleet, is rating

its powers too high.

Whether in the form of the submarine mine, planted in narrow chan-

nels, and arranged to be exploded by electricity when the shijis of the

enemy are in position to receive the full benefit of its terrific power, or

as a movable weapon carried by swift vessels, it must certainly form au
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important element in our scheme of defence. To whatever state of per-

fection it may have been brought for use under the former conditions

however, much certainly remains to be desired in the latter, and I do

not think that naval men have ever anticipated any possible develop-

ment of it beyond that of a very useful auxiliary to a fleet combining

all the other recognized elements of strength, offensive and defensive.

The conditions of its use otherwise than as a stationary mine, are such

as to involve a great amount of uncertainty in its manipulation, or to

admit a correspondingly simple and certain defence, and I do not

think we would be justified in placing too much reliance upon its pow-

ers.

We have an esormous extent of coast line, along which much valu-

able property lies within the range of ordnance now afloat, or the easy

reach of the enemy in a sudden raid, without the necessity of his taking

his ships into any port at all. I doubt, the possibility of our protecting

tlie entrances of Penobscot Bay, Buzzard's Bay, Long Island Sound,

Delaware or Cliesapeake Bays by torpedoes alone, either fixed or

movable. And what damage and annoyance would not be inflicted

npon us by an alert and aggressive enemy, e?z. rendezvous in either

place ?

Our coastwise commerce would not last long with an enemy cruising

upon our coasts, and torpedoes alone can neither prevent that, nor his

covering with a fleet the approaches to New York or Boston, on the

breaking out of hostilities, and making a prize of every vessel bound

in or out. To protect ourselves from such aggressions as these, we must

have at hand the means to drive an enemy entirely from the vicinity

of our coasts. The most ready and economical means to effect that ob-

ject will be considered farther on in this paper.

The third great cause for the apathy with which our people have

viewed the decay of our naval power is, I think, to be found in the

disagreement among naval officers themselves, as to what should be

done to preserve it. If our leading officers had been in accord as to

what was wanted, and had worked together to obtain it, it is by no

means certain that the appropriations would not have been forthcom-

ing. If the congressman, honestly anxious to learn the wants of the

country in the way of a navy, gets from two officers ideas diametrically

opposed, and from a third no definite ideas at all, but advice to "lay

on our oars", his only escape from the horns of the dilemma would ap-

pear to be to accept the latter advice.

Disagreement, however, under the circumstances has been natural, if
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not inevitable. All science?, not rajUhematically exact, pass tlirongh

their phases of doubt, disagreement and discussion, followed by periods

when all are in agreement, except perhaps the few restless spirits who

thrive only on a diet of doubts, and who, however little appreciated by

their contemporaries, often appear to posterity to have been the leaven

of the lump. Through such a revolutionary period the science of war,

perhaps the least exact of all, has been passing for twenty years. Guns

havegro-wn until our XV inch, once a giant, has become a pigmy; armor

has increased in thickness beyond the wildest conceptions of the last

generation ; small arms have improved until they are as superior to the

old musket as that to the cross-bow; explosives of such terrific power

as to make gunpowder quite contemptible have sprung into existence;

while the revival of the ram and the introduction of the torpedo in its

multifarious forms have entirely upset our traditional notions of naval

warfare.

Change thus succeeding change with bewildering rapidity, all who

have sought to keep up in any degree with the times have been con-

stantly called upon to absorb fresh idias before the last had been as-

similated. Doubt and disagreement have naturally followed. At the

present time signs are not wanting that the era of discussion is setting

in, and I am of the opinion that an interchange of ideas will now show

an approximate unanimity on leading principles that is to be hailed as

the first sign that the star of our navy has passed its lower culmina-

tion, and is soon to be again in the ascendant. I am not prepared to

say that we have not done well in thus far watching the development

of events and getting the benefit of the experience of other powers with-

out cost to ourselves, but it will not do for us to allow ourselves to be-

come entirely extinct as a naval power while waiting for the crucial

test of battle to decide points at issue. In the next naval war we our-

selves may be one of the interested parties, and however faulty some

may think the navies of Europe, few will contend that they are not

immeasurably superior to none at all.

While we have been " hove-to" watching the progress of affliirs, other

nations have worked steadily along, until, what with all that they have

gained to windward and all that we have lost to leeward, we are in dan-

ger of being left quite " hull down." I submit that it is time for us to

" fill away "
; to draw what conclusions we may from the experience of

others, and set seriously to work to build up a navy suited to the times

and the peculiar requirements of our situation, one of such strength

and character as to prevent other nations from feeling that they can
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assail us with impunity, and that will, should occasion arise, enable us

to give a good account of ourselves, as we have done in the past when-

ever called upon.

The task of building up such a navy will, of course, be a huge one

and one involving great expense. At this, however, we should not com-

plain but look upon the money spent as an investment yielding good

returns, if for no other reason than that by preparing for war we dimin-

ish the probability of its occurrence.

In what I shall have to propose this evening for the improvement of

the materiel of the navy, (and I shall obtrude none of my o[)inion3

touching j9e7-son?ie/) I lay no claim to novelty or originality. The gist

of the scheme was given in a paper of great force and perspicuity, read

before the Institute by Commodore Parker in 1874, and it represents, I

am inclined to think, in a general way, the views of most of our officers

at the present time.

In inquiring as to the means best suited to accomplish the legitimate

functions of a naval establishment in the most efficient and economical

manner, at the present time, we find that modern means and methods

of warfare point to the expediency of a radical departure from tradi-

tional systems.

In former times one general type of ships sufficed to fulfil all the

purposes for which a naval force could be employed. The "wooden
walls" of a country formed a serried rampart against the invading foe,

or, scattered abroad over the seas in offensive warfare, sought him out

wherever he miglit be found. But the appliances of naval warfare have
so changed of late that a navy containing but one type of vessel, what-

ever that type might be, would be neither efficient nor economical.

Our coasts may be best defended by ships radically different in con-

struction from those adapted to cruising abroad to protect our com-

merce from depredation and our citizens from outrage. For the latter

purposes and to cut up an enemy's commerce in time of war a fleet

of swift and heavily armed cruisers is required. For harbor and coast

defence our main reliance, so far as the navy is concerned should be

upon floating batteries, torpedo boats and rams.

Let us consider first, what we need as a fleet of cruisers.

In these our chief aims should be speed, and handiness with great

power and range of armament. In these three qualities we should
allow our ships to be surpassed by none. These three qualities are par-

amount; for with the ships possessing them in a superior degree will

go the day in the time of trial. Second to those come the capability
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of keeping the sea and making fair time under sail, and as large a coal

capacity as can be secured without a sacrifice of the other qualities

named. To these five qualities all else should give way. Whatever

else of good is attainable should of course be sought and secured, but

only so far as may be possible without prejudice to the others.

As for the type of ships which shall unite these desiderata, two of

them at least, speed and haudiness, are incompatible with any great

weight of armor, and I believe that the officers of our navy are pretty

well agreed that, as far as we may judge from what has been doue on

the other side of the water, the contest so long waged between guns

and armor has resulted, so far as cruising ships are concerned, entirely

in favor of the guns. Or, if that point be not conceded by the parti-

sans of armor, they must at least acknowledge that the armored Achilles

presents a very vulnerable heel to the ram, and therefore to the torpe-

do. If then the armored ship be hardly less vulnerable than her more

agile unencumbered foe, it appears to me that in a pitched battle the

advantage is quite as likely to be with the latter as with the former.

Indeed, I believe that it only remains for the first fleet action to show

that, what with their unhandiness and their tremendous momentum,

even at low speeds, the armored ships will prove, on the least appear-

ance of confusion in the line of battle, quite as dangerous to friend as

to foe.

For our cruisers, then, I would abandon entirely the idea of armor.

In discussing the special type to be adopted there is room for great

range of opinion, and, of course, none would be decided upon except

after the most careful study and deliberation by a board of competent

officers who would call to their aid the best talent in the several special-

ties going to make up an efficient man-of-war that the country affords.

The navies of foreign countries, especially those of England and France,

offer many examples each with special features worthy of consideration.

For myself, though lacking the special knowledge of naval architecture

that would enable me to judge of all details, I am very favorably im-

pressed with the general plan of the cruiser proposed by Lieut. J. C.

Soley in his valuable paper read before the Institute a few months

since. I am of the opinion that vessels of that type with high speed,

and rifled guns of great range, would be most formidable engines of war,

and economical both as to first cost and current expense of mainte-

nance in commission. I would however venture to suggest a few trifling

modifications in the particular plan referred to. In the first place I

doubt whether the sail-power of the proposed cruiser is sufllcient to
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fulfil the purposes set forth by her projector, and I would be in favor

of increasing it: bearing in mind, of course, the desirability of avoid-

ing excessive tojj-hamper. Secondly, I think the point against pro-

jecting bows, niaJe by Admiral Porter in his article on Our Navy,

in the first number of the " United Service," well taken. Especially

in so light a ship as the one proposed would it prove a serious weak-

ness, and I would substitute for it either a straight stem or one formed

on the arc of a circle of large radius. Either of these would be much

stronger than the "swan breast," and sufficiently effective in ramming.

In this connection I would say that I entirely agree with Commodore

Parker in thinking that the idea of using a gun-bearing ship either as

a ram or a torpedo vessel should be held entirely in the back ground.

The energies of au officer commanding such a ship, on going into ac-

tion should be concentrated upon injuring the enemy with his guns,

and his thoughts should revert to the ram only when his guns are dis-

abled or when so incontestably fair an opportunity presents itself as

to leave no possible room for doubt in the choice of weapons. Guns,

Rams and Torpedoes are each excellent in their way ; each indispen-

sable to our naval establishment : but they should not be too much

mixed aboard any one vessel.

If we should decide upon the unarmored, composite vessel, sheathed

in wood, as the proper type for our cruising navy, the next step would

be to consider what classes we should require and how many of each

class. Here is scope for the widest differences of opinion. For my
own part I would be governed as to class by the general principle of

building for the present no ships incapable of carrying a good battery

of the heaviest rifled guns, with a view to securing as quickly as possi-

ble a fair number of powerful ships, sufficiently alike in size, speed and

armament to form a homogeneous fleet. One such ship will add more

to our real fighting power, and especially to our power of acting on

the offensive, than half a dozen gun boats. Small ships are useful for

many purposes both in peace and war ; but they can never form

any part of the body of a formidable fleet. We have quite a

number of them already, or, at all events, ships that will serve very

well every purpose to which a small vessel can be put, can easily be

procured at any time. But, as has been said, ships fit to fulfil the pur-

poses of a powerful man-of-war can neither be built in a hurry nor

converted from vessels taken from the merchant marine.

In a general way I would place the lowest limit of any vessel that

we ought now to build at three thousand tons displacement ; and,
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perhaps, the largest at five thousand tons. Let us suppose, by way of

fixing our ideas, that we should build as speedily as possible, twelve

First Rates, of five thousand tons displacement; twenty Second Rates

of four thousand tons; and twenty Third Rates of three tliousand tons .

all " frigate built," swift, and armed with as many rifled guns as ihey

could properly carry. Tliese fifty-two ships, if of equal or nearly equal

speed, would form a homogeneous fleet—economical iu peace, formida-

ble in war.

Half of them cruising at any one time, distributed among our various

stations and supplemented by whatever we now have that can be called

fit to cruise, would give us all that iu the present state of our commerce
can be thought necessary. At first the new ships should be spared at

the expense of the old. Those should cruise constantly till worn out,

the place of each being then supplied by a new one designed to har-

monize as far as possible with those already built, but, of course, em-

bodying all the latest improvements in naval architecture up to the

time of laying her down.

A sufiicient number of such ships as I have indicated having been

secured, our attention could profitably be turned to devising and con-

structing new ships of small size, that could perform the work required

of them in a more efficient and economical manner than is possible

with our present type.

In laying stress on the desirability of building our ships so as to

form a homogeneous fleet, I do not do so with any idea that the fleet

fighting of the days of Rodney and Nelson is ever to be seen again.

That is to say, I do not think it probable that fleets of fifty or sixty

sail will ever again be fitted out to cruise for an enemy similarly con-

centrated, and that general actions between fleets of that size will again

occur. But it will often be desirable for a limited number of ships to

operate together, or to concentrate for mutual protection, and if two

such squadrons of opposing forces should meet, a fleet action would

of course ensue. It is, therefore, it appears to me, eminently desirable

that all our new ships should be so alike iu speed, armament and gen-

eral type as to be able to operate together effectively whenever a num-
ber of them are in company.

But, not to prolong my paper to an unreasonable length, we must

come to a consideration of what is required of us in the way of coast

and harbor defence and the best means of meeting these requirements.

I have already indicated the character of the work that the navy will

be called upon to do in this line and my belief that our best means
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for performing it satisfactorily will be found in a fleet of floating bat-

teries, rams and torpedo-boats.

In our floating batteries our aim should be to unite the nearest pos-

sible approach to impregnability to shot, with the capability of carry-

ing Jjie heaviest rifled ordnance that can be handled afloat. These chief

requisites secured, we should seek such sea-going qualities as will enable

them to make short cruises in the waters immediately adjacent to our

coasts, and as much speed as the other conditions will allow. So far

as I am able to judge, it appears to me probable that these qualities

can be most effectively and economically united in vessels of the mon-

itor type; since, with their low freeboard and circular turrets, they

appear to offer the maximum protection to their guns with the

minimum weight of armor. We need, however, vessels with heavier

armor than any now in the service, and a radical departure from the

muzzle-loading smooth bore to the breech-loading rifle, as has been re-

peatedly urged by the present eminent chief of the Bureau of Ord-

nance.

For torpedo-boats the essential qualities seem to be speed and hand-

iness, with the least possible exposure of surface to the enemy's shot.

It appears to me that the lighter they are built, the better. The best type

of boat for this purpose remains, I think, yet to be devised. The two

we now have are too complicated and expensive, unless it can be

shown that they are greatly superior to some more simple form, and

that I very much doubt. There is a fine field here for the inventive

genius of our officers, for a good torpedo-boat is certainly a thing much
to be desired. We may, however safely, leave this matter in the hands

of those who have made it a special study, in full confidence that they

will in good time give us something equal at least to anything that can

be produced elsewhere.

I mention as the last, though I consider it really the chief, element

of our coast defence fleet, the marine-ram. For an efficient ram the es-

sential qualities are speed, handiness, great strength of construction and

a practical invulnerability to shot, to be secured either by heavy armor

or by such form as will offer the least surface and most unfavorable angle

to the enemy's projectiles. All these are most admirably united in the

type proposed by Rear-Admiral Ammen. This proposed ram so per-

fectly fitted for its intended purposes, is not generally known in its de-

tails to the service, and I therefore give a brief description of its prin-

cipal features from data kindly furnished me, in response to my request,

by its distinguished projector.
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An idea of the general shape of the craft may, perhaps, be best

conveyed by calling her cigar shaped. That is, she approximates the

spindle form, though none of her sections are circular. Her cross

sections are formed by two semi-ellipses, the deeper one forming the

bottom below the line of greatest beam, the other forming the top

above it. The longitudinal section shows a straight middle body of

forty-eight feet on each side of the center ; beyond that the ends taper,

enclosed by parabolic curves. From this it will appear that, when in

the water, the exposed surface will show what is familiarly known as a

"turtle-back." The body of the craft is entirely of iron, with a double

skin, divided into compartments by nine water-tight bulkheads. Com-

mencing at about three feet below the deep load line the body of the

craft is sponsoned out with oak. This sheathing of oak is carried

about three feet below the water-line and entirely over the top of the

vessel. It is three feet thick at the apex of the sponson, when it

forms a sharp angle, diminishing, of course, in thickness towards the

ends as well as towards the crown and below the water line.

This oak affords a backing for plate armor, three inches thick from

the apex of the sponson to two feet above the load-line, and thence

decreasing to one and one-half inches at the crown of the deck. In

construction the longitudinal and transverse bracket-frame systems

have been combined in such a way as to produce a vessel of most ex-

traordinary strength. There are twenty longitudinal frames built up

of plates, butt-straps and angle-irons so as to form continuous girders

running from one end of the hull to the other, while at intervals of

thirty-six inches, transverse bracket-frames bind the whole firmly

together.

At the bow all the longitudinal frames converge and are secured

directly to arms cast on a solid head of crucible steel which is the

snout of the ram, forming a punch so situated as to strike an enemy's

vessel about two feet below the water-line. It will be seen that this

construction is such as to distribute at once the shock of collision over

the whole body of the ram in such a way as to avoid undue strain on

any one part, and to reduce to a minimum the danger of damage to

the ram itself. A novel and valuable feature of the snout of the ram

is that the apex, on which the main force of a blow will fiill in ram-

ming, is easily removable, so that a new one can be readily substituted

in case of damage.

Another novel feature of the ram is her pilot house, which being the

only part so exposed as to be likely to be injured by shot, is rendered
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impregnable by being built up of concentric rings of crucible steel

twenty inches in thickness.

The dimeusious proposed for the experimental vessel are as follows:

Length, .... 205 feet.

Breadth. .... 30 "

" over sponsons, - - 36 "

Depth, .... 18 "

Light draft, ... H "

Load " . . . . 13 "

Displacement, ... 1500 tons.

To give her handiuess she is to have twin screws llj feet in diameter.

If it be found advisable, the Mallory propeller may be substituted.

This enables a vessel to reverse instantly and go astern as fast as she

can go ahead. The calculated speed of the craft is thirteen knots, but

a speed of fourteen is thought entirely practicable. She carries two

hundred tons of coal, sufficient for five days full steaming, and has good

accommodations for the four officers and sixteen men necessary to man
her. Her cost is estimated at four hundred thousand dollars.

To show the extraordinary strength of this craft it may be stated

that calculations from the original plans showed that if the hull were

supported upon piers, at two points only, one hundred and fifty feet

apart, it would sustain, in addition to its own weight, a load of four

thousand five hundred tons placed half-way between the points of sup-

port. This strength was thought entirely in excess of any possible re-

quirement, and the designs were therefore modified by taking out sev-

eral girders and reducing generally the Aveight of the parts. But as

now proposed, if she were placed as the span of a bridge, on two piers

one hundred and fifty feet apart, the heaviest freight train could be run

over her with perfect safety. After this description, no argument can

be necessary to show the wonderful effiictiveness and economy which

this type of vessel promises.

In regard to the number of monitors, rams and torpedo boats that

would be likely to suffice for the proper protection of our coasts, it

would be difficult to arrive at any very definite conclusion. On our

sea-coast we have many places of importance, widely separated. Be-

fore any one of these, during war, an enemy is likely to appear sud-

denly at any time. We should therefore have a sufficient number
of vessels for coast defence, to distribute in respectable numbers, in the

immediate vicinity of each place of importance. We cannot rely up-

on protecting Charleston or Savannah with a fleet of iron-clads at
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New York, nor New York with a fleet stationed on the New England

coast ; for, while reeuforcements were arriving, the threatened place

would be taken. These considerations seem to render necessary a

number of coast-defence vessels large in the aggregate, otherwise the

squadrons into which it would be necessary to divide them, would be so

small as to be in danger of being destroyed in detail. The rams and

torpedo-boats would cost comparatively little, and if constructed

mainly of iron, as they should be, they could be hauled up on ways at

convenient places and housed over. They would thus suffer no great

deterioration, and would always be ready when wanted in any sudden

emergency.

Considering the extent and character of our seacoast on the Atlantic

and Pacific, I would say that the least number with which the country

couhl feel reasonably secure would be forty thoroughly formidable

monitors, with twenty-four rams, and twenty-four torpedo-boats.

Gentlemen, I esteem it a great compliment to have been invited to

appear before you, and I owe you many thanks for the patience with

which you have listened to so long an exposition of ray ideas, which,

after all, are not new, and I fear, may be of little value. But I have

been impelled to lay them before you by the belief that it is only by
" line upon line, precept upon precept, here a little and there a little,"

that the country is to be awakened to a realization of the decay of

our strength as a naval power.

I cannot believe, notwithstanding the motto so conspicuous on our

new coins, that the nation has entirely settled down to a resolve to

trust in Providence to deliver it by main strength from all the mis-

haps into which it may fall.

I believe rather that the general sentiment of our countrymen is

that " God helps those who help themselves " and that ere long, if we

do our duty in keeping the facts before the public, a re-action in favor

of an efficient naval establishment will set in. It will then remain for

us so to use the means provided as to hand down to coming generations

a flag as unsullied, an example as noble, a record as glorious as have

been bequeathed to us.



Rear Admiral Ammen. I desire to say a few words in relation to the Ram
after the kind manner in which it has been presented by my friend Lieut.

Coi.i.iNs:"

Coming home from China nearly ten years ago, it occurred to me that

onr Navy was gradually falling to pieces^ that its condition was such as to

give every old officer gi'eat concern for the maintenance of ourselves in the

event of a war. The first idea was to look to torpedoes; on going to New-
port it seemed to me that although tliose able officers had produced what
seemed wonderful results, at the same time that there Avould be great em-
barrassment in the pi-actical application of torpedoes upon an enemy well
prepared ; therefore instead of carrying out the conception of a torpedo boat
that I had already begun, I set to work on a ram designed to have immu-
nity in a great degree from shot and shell. I enlarged upon my first design
and with the aid of some gentlemen, one of whom was Lient. Wood, a very
able young officer, and with the assistance and advice of officers here and
there I embodied something that seemed to possess the elements of strength

to I'am and resistance to shot, with qualities that would enable her to meet
an enemy in broad daylight. If we cannot meet an enemy when he looks

at us I do not think that we have a Navy that can be depended upon.
After the displacement and weights of materials had been twice comput-

ed and specifications made sufficient to admit of a fair consideration of her
elements by a Naval Constructor, I did not fail to ask the assistance of the

ablest that I have known ; had I the right tomention his name, I feel sui'e that

his efforts, if not mine, would command your confidence. The Ram, as pre-

sented in calculations, specifications and drawings, has undergone the care-

ful revisal of one of the ablest Naval Constructors, indeed in my belief the
ablest, that our country has produced. Whatever alterations have been sug-
gested have been made, so that substantially it is not the work of an ama-
teur or person unskilled in such matters.
The Engineer-in-chief kindly aided too, and had calculations made which

indicated Ihat when loaded to a water line at the greatest beam of the ves-

sel her co-efficients showed extraordinary capacity for developing speed,
and even when at her fighting depth, (two feet greater draught) a speed of
13 knots would be obtainable.
She has been looked at also by another Engineer of rank and ability who

had been.abroad and had been shown in the English Admiralty a design
apparently identical in construction and measurements, except an increase
of two feet of beam. This Engineer, whom I do not feel at liberty to name,
after giving some calculation and consideration to the matter thinks a yet
higher rate of speed obtainable than that already named.
In permitting these papers to be laid before you it is understood

that I do not pretend to be a Naval Constructor, nor would I submit them
with confitlence had they not undergone a close scrutiny and amendment
which I think will be found suflicient to entitle them to your consideration
and confidence.
Rear Admiral John Rodgers (the President). The officer who has

just read his paper to us tliinks that future cruisers will be wooden vessels.

I have, for some time, thought as he does. Formerly, in armies, armor
and gims were pitted against one another; finally, guns won and armor
was thrown aside. Ajax had a siiield of seven bulls' hides, which no spear
could pierce. Then men found that iron armor was lighter, and as elfica-

cious. In armor of proof they defied sword and arrovv and spear. Gun-
powder was invented, and while the armor at first resisted the bullets on
account of the crudeness both of guns and powder—as these became better,
the Knight was forced gradually to increase the strength and consequent
weight of the armor, until at last he was borne down, but no longer pro-
tected. Then he threw ofl" his armor and fought lightly clad.
What has happened to personal armor will happen to ships. Now, they
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make gnns so large that no armor which can be carried to sea is able to re-
sist the shot. The logical end of armor has been reached. It encumbers,
but will not protect. The time is not far off when armor will be thrown
awaj% and light wood or iron substituted. Protection Avill be found in
many compartments. Geometers have found in analyzing the shape of tiie

honey-comb that the hexagon used in them gives the greatest possible ca-
pacity Avith the least expenditure of material. Geometrically, hexagonal
compartments would be the best; in practice, this shape however may of-

fer too great difficulties. But many compartments will make the vessel
safe. With enougli of them a ship may have two or three shot pierce her
below water, or be blown up with two or three torpedoes, and still swim,
still fight, and still possibly carry her enemy into port.
The Chairman. I am quite sure that all present at tiiis meeting will

agree with me that our thanks ai-e due to Lieut. Collins for tlie very inter-

esting and admirably written paper, which he has read to us to night. The
subject—a difficult one—and one upon which there will always be more or
less diflference of opinion, has in my judgment been ably discussed, lead-
ing toward that unity which is so essential to final good results. What we
have long wanted is a general agreement as to the real requirements in
building up such a Navy as this country needs. Money, although indispen-
sable, cannot alone accomplish the object. Thoroughly considered and well
digested plans, prepared by professional experts and carried out under their
personal supervision, by faithful skilled laborers, can alone save the Xavy
in the dark day of trial, from disgrace. At present the Department has no
money to carry out any general plan of regeneration, and I think it is

better that no money shouhl be expended on any general idea of increase of
material, until some practical and practicable programme has been deter-
mined upon. The great misfortune, it seems to me, has been, of late, the
absence of professional influence and judgment in our naval constructions,
and the necessarily consequent waste of money. It has been a kind of
" the blind leading the blind," purely and simply for want of well consider-
ed plans and needs. There is little use of having highly educated and ex-
pei-ienced officers, and well drilled Seamen gunners, when called to meet
an enemy, if they are not provided with the most efficient vessels and the
best ordnance that can be fabricated—at least equal to the ships, ordnance
and other appliances of war, of those with whom they are to, (or are most
likely to,) come in contact.

I hope the meeting will, by vote, give its thanks to Lieut. Collins for the
agreeable entertainment the reading of his excellent and admirably pre-
pared paper has afforded us this evening:— I make that motion.
The motion was seconded, put, and unanimously carried.
Lieut. Collins. I am obliged to the gentlemen of the Institute for the

kind manner in which they have i-eceived my paper and to the Chairman
also for the complimentary way in which he has spoken of it. I wanted to
bring out one idea in the paper and if I did not bring it out clearly there I
shall try to do so now, and that is this ; that it is our duty as Naval Officers
to teach the public what they need in the way of a Navy. We are the ex-
perts in this matter and they look to us to tell them of our needs, and if we
fail to do so we fail in our duty. The time will come when we will have a
war on our hands, and if we are not better prepared then than now, we
sh.all come to grief. If we then say "we have no ships, no efl^'ective ord-
nance " the Country will reply "You should have said so before while there
was time to prepare them."' I think that we ought not to lay ourselves
open to that reproach, but that we should tell the countir what we need,
and insist upon it until we get it.
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Introductory Remarks.

I have been requested by the committee to prepare a paper on the

navigation of the China seas. I have consented to do so, notwithstand-

ing the fact that it must necessarily be a dry subject to all, except

those who are familiar with the intricate and dangerous navigation of

its waters.

A paper of this kind must of necessity abound with names of East-

ern origin, entirely unknown and without significance to those unac-

quainted with the language, or localities.

The discussion of winds, weather, and routes, to which this paper must

be confined, will be of little interest except to the navigator, and,

unless he is familiar with the various routes, he will find it difficult to

follow me through the devious courses necessary to take in traversing

this sea against an adverse monsoon.

I shall make no excuse for occupying your time this evening in dis-

cussing so dry a subject. If not particularly entertaining, it is of great

importance to all who have the responsibility of conducting our ships

through those dangerous waters.

The main routes are becoming pretty well known, but there are many
localities to which vessels are frequently obliged to resort, from stress

of Aveather or other causes, of which we know little or nothing, and to

add to the difficulties and dangers of navigation, our charts are very

imperfect, a large portion of the Eastern seas being but partially known,

and imperfectly surveyed.
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My experience in this region is confined to thirty-five trips up and

down, or across, the China sea. During this time I may have gained

some information that will be of service to those who have not been

over the ground, or whose experience has been less than mine.

It will be seen that, in numerous instances, ray conclusions differ from

standard authorities, and may provoke discussion which will tend to

increase our knowledge of one of the least known and most frequented

of the great ocean routes of the world.

In preparing this paper I am indebted to

The China Sea Directory, British Admiralty

;

The North Pacific Directory, Fiudlay
;

Navigation of the Pacific Ocean, Becher;

the information thus obtained being supplemented by personal rec-

ollections and frequent reference to my Remark books.

Navigation of the China Seas.

The prevailing winds in the China sea and its approaches, exert a

more marked and direct influence on its navigation than over any

other of the great ocean highways.

This iufluence is felt to such an extent that entirely different routes

have to be adopted, and in some cases it has been found advisable to

sail around the entire region embraced within the limits of the China

sea in order to reach port against an adverse monsoon.

Before the days of clipper ships it was customary to so plan the

voyage that a fair monsoon would be carried both ways. An attempt

to beat up the China sea against the N.E. monsoon would have been

considered a feat worthy of the Flying Dutchman.

The native trading junks made but one voyage a year, always going

with a fair monsoon, never dreaming of the possibility of beating

against it. So firmly were the Chinese merchants impressed with the

impracticability of making a passage safely against the monsoon, that

for years after clipper ships began to ply on their coasts they would

not ship by them, preferring—as they supposed—the safer means of

transport by junks, as they waited for a fair wind.

For nearly two centuries the Dutch at Desima, were permitted to re-

ceive and despatch one ship a year, and her voyage was so timed as to

meet a favorable monsoon both ways.

The first vessels to regularly beat up the sea, were the opium clip-

pers, generally brigs or schooners, well manned and designed to attain

the greatest possible speed.
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Monsoons of the Java Sea.

The strait of Sunda, through which passes a large proportion of the

enormous commerce entering the China sea, lies in the region of the

S.E. and N.W. monsoons ; the former prevails from May to October,

the latter from November to March, extending over the Java sea, and

through the straits of Banka, Gaspar, and Carimata. The times of

change and direction in the straits are uncertain, and calms are fre-

quent at all times during the S.W. monsoon. The winds in Banka

strait usually follow the coast-line, subject to slight variation from land

and sea breezes.

Monsoons of the China Sea.

The S.W. monsoon commences in the China sea from the middle to

the latter part of April, and continues until about the middle of Oc-

tober. It usually sets in earlier in the Gulf of Siam and Tong King

than in the open sea, or on the coasts of China, Palawan, and Luzon,

and continues longer in the southern than in the northern parts, south-

erly winds frequently prevailing about Singapore after the N.E. mon-

soon has set in farther north.

The S.W. monsoon is usually light and unsteady during the first

month, attaining its full strength during June, July, and August, wdien

it is most steady. S.E. winds are not uncommon, however, at any

time during this monsoon.

Heavy rain squalls and cloudy weather may be expected in June,

July, and August. White squalls are occasionly met with during the

month of May, in the vicinity of the Gulf of Siam, and black squalls

at any time during the S.W. monsoon.

These squalls, owing to their violence, and the suddenness of their

appearance, are among the greatest dangers of this locality, and can

be guarded against only by the strictest vigilance. Caution is un-

necessary to those who are familiar with them, but I wish to impress

upon those who are not the vital importance of employing the brief

interval of warning in preparing to meet it, if under sail, by leaving

as little canvas as possible exposed.

They frequently appear during clear, pleasant weather, when least

expected, a few moments' warning being given by the rapid rising of a

dense cloud.

The first experience of an officer with one of these dangerous blasts

is liable to result in serious loss of sails and spars—the inevitable re-

sult of a little delay to see what it is going to amount to. With the
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exception of the squalls mentioned, heavy gales are rare in the gulf.

Moderate gales are frequently met with on the east coast.

Land and sea breezes prevail near the coast, from Siam to the Gulf

of Tong King, during the S.W. monsoon. To the northward of Hong
Kong this monsoon cannot be said to fairly set in before May, and

even then it is frequently light and variable, N.E. and S.E. winds

blowing for days at a time between Hong Kong, Formosa, and the

Loo Choo Islands. It is usually light near the west coast of Formosa,

being greatly modified by the high land of the island. They are

stronger in mid-channel and near the China coast, but are liable to

alternate with N.E. winds at any time.

Dense fogs, with misty, rainy weather, are of frequent occurrence in

June, July, and August, greatly increasing the dangers of navigation.

I have frequently observed, however, that objects are visible at consid-

erable distances close in shore when an impenetrable fog prevailed at

sea. It is not an unusual occurrence for a steamer to make the trip be-

tween Hong Kong and Turnabout Island without seeing land.

In the latter part of May, 1877, the " City of Peking" left Hong
Kong and steamed up the coast, through the Formosa strait, and across

the sea to the Linschoten islands without seeing land or lights.

The black northeaster is a storm peculiar to the region about the

northern entrance of Formosa straits. We encountered one in May,

1877, so remarkable in some of its features that I consider it worthy

of notice here.

We were sixty miles east of Turnabout Island, at noon, with a moder-

ate breeze from S.W., thick, hazy weather, barometer steady at 29.89,

thermometer 80°. A dense black bank was visible to the northward.

The S.W. wind died away suddenly at 2.55 P. M.; the black bank, hav-

ing nearly reached the zenith, entirely obscured the northern heavens.

Five minutes later the wind came out from N.E. in a furious squall,

with torrents of rain, and incessant thunder and lightning ; the entire

forces of the heavens were seemingly concentrated above and around

the shij). The darkness was so great for a few minutes, that it was ex-

ceedingly difficult to distinguish points of the compass in the binnacle,

and the mist was so dense that neither bow nor stern could be seen

from the bridge. The comj^asses were perceptibly affected previous to

and for a few minutes after the storm burst upon us. The barometer

commenced to rise immediately, and the thermometer fell 10° in as

many minutes. At midnight we had a strong wind from N.E. by N.,

with thick, rainy weather, barometer 30.02, thermometer 67°.
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North East Monsoon.

The N.E. monsoon in the northern part of the China sea, nsiially sets

in about the latter part of September, and is blowing steadily in No-

vember, increasing in strength during the months of December and

January, accompanied with cloudy, rainy weather, frequent gales and

heavy seas alternating with short intervals of fine weather.

The region from the north end of Formosa to the coast of Japan,

has generally been considered within the limits of the monsoons.

It is an undoubted fact that the prevailing winds are from the north-

ward during the prevalence of the N.E. monsoon, but I have frequently

found it blowing from other quarters for days at a time.

Winds on the Coast of Japan

The coast of Japan from Cape Satano to the Gulf of Yedo has been

mentioned also as within the limits of the monsoons. From my expe-

rience of this locality I would assign it to the region of variable

winds.

The following table is a compilation of the Avinds experienced by the

" City of Peking'" during fourteen trips between Hong Kong and Yo-

kohama. The route is divided into three sections, showing the prevail-

ing winds in each.

FROM HONG KONG TO TURNABOUT ISLAND.

I I
Ed. S(i.& Ed. Sd. Sd.&Wd Wd. iNd.AWd.lvar. |c

Blnntha. Hon

Hums Hours. Hon

Force.

Hours. Hours. Hours.

Force Force. For

Hours. Hours.

Force. H'rs. H'rs

Jauu^ry
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the China coast, and from the cape to the Gulf of Yedo, although north-

erly and easterly winds are most frequent, they are often found blow-

ing from other quarters.

I have frequently observed a great similarity in the winds and weath-

er on this coast, and that in the same latitudes on the east coast of

the United States. The directions for the barometer on the latter

coast apply quite as well to the southern part of Japan.

Winds in the Yellow Sea and Gulf of Pechili.

The prevailing winds in the Yellow Sea and Gulf of Pechili are

northerly and JN^.W. during the winter months, with frequent gales

from those quarters; S.W. and S.E. winds prevailing during the sum-
mer.

The N.E. monsoon in the middle and southern part
OF the China Sea

The N.E. monsoon usually sets in a week or two later in the vicin-

ity of Hong Kong than farther to the northward, and in the southern
part of the sea variable winds may be expected until early in TSTovem-

ber.

December and January are stormy months over the whole China
sea. The winds moderate in Tebruary, and are frequently light and
variable in March.

The N.E. monsoon frequently sets in with a fresh gale, and blows for

a week or ten days without intermission, accompanied with thick, rainy

weather, heavy seas, and strong currents.

The barometer usually gives sufficient warning, particularly in the

northern portions of the sea. Numerous instances have been related

however of these " monsoon bursts" having been precipitated upon the

unfortunate mariner unheralded by tlie barometer or other atmospher-

ic indications. Serious damage to shipping is the natural result, as

many vessels will be caught in exposed positions, or, from various

causes, be unprepared for a lengthened struggle with the elements.

Winds on the Coast of Luzon.

Land and sea breezes prevail on the coast of Luzon in March and
April, with fine weather. The rainy season on the west coast is from
May to October, while on the east coast it is the dry season.

Northerly winds set in about the middle of October bringing the wet
season on the east coast, with fine weather on the west.

Variable winds may be said to prevail during the N.E. monsoon.
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Northerly and N.E. winds are the rule, but strong, steady breezes

from the westward are of frequent occurrence.

Winds on the Palawan Coast.

Local influences are such on the coast of Palawan that it is difficult

to tell when the monsoons set in or end. From about December to

April N.E. and easterly winds prevail. Land and sea breezes are usu-

ally found near the coast in May and June—the finest months in the

year.

S.W. and westerly winds with unsettled weather may be expected in

July, and August. Short intervals of tine weather being followed fre-

quently by heavy S.W. squalls.

W.S.W. winds prevail in September, and October, usually blowing

strongly with dark, cloudy weather and frequent squalls. Variable

winds may be expected in November, and heavy gales are frequent.

Typhoons.

The typhoons of the China sea are cyclonic gales, ranging over the

Philippine islands, Bashee channel, east coast of Formosa, the Japan

islands, and a considerable portion of the North Pacific ocean.

It is said they do not extend into the Formosa channel, and as we
have the record of but two at Amoy, it would seem that their appear-

ance in that locality was extremely rare at least.

The Amoy typhoons occurred in August 1864, within a few days of

each other—one traveling to the northward and westward, the other to

the southward and westward ; both evidently having entered the China

sea in the vicinity of the Bashee channel. They visit Shanghai and

the Chusan islands at long intervals.

These destructive hurricanes seem to have their origin in the region

of the Eastern archipelago, Borneo, and the Philippine islands.

Their general track is to the westward, to the coast of China, or,

recurving, they take the general direction of the Japan stream to the east

coast of Formosa, the Loo Choo and Linschoten islands, the coast of

Japan and the Pacific ocean.

Our data are not sufficient to enable us to lay down absolute rules for

determining the track of these dangerous storms, and it is more than

probable that their ultimate course is the result of local influences after

they have started on their career.

Our present knowledge of the tracks of these storms may be given

as follows.

1st. That after their conception they take a westerly direction to-
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ward the coast of China, or, recurviug, sweep off in the direction of

Japan and the Pacific Ocean.

2nd. That a ty})hoon seldom recurves after entering the China sea,

but usually in the region to the eastward of the Philippines.

3d. That if a typhoon strikes the China coast, with a westerly

course, it usually goes inland, where its track is lost, seldom recurviug

to appear again in the China sea.

The typhoon season is from May to December, but they more fre-

quently occur, and are most violent, during the months of June, July,

and August. They are not often met in May, nor in December, and when

they do occur in those months, are not usually as violent as those from

June to August.

Much confusion has resulted from attempts to reconcile the move-

ments of some of the gales occurring about the change of monsoon in

October or November with the general rules laid down for typhoons,

when they are not typhoons at all, but simply monsoon bursts, or other

gales having an entirely different origin and governing principle.

Typhoon Warnings.
The barometer gives the most reliable information of the approach

of one of these dangerous tempests, or, in fact, of any great atmospher-

ic disturbance. There are usually other indications, but without the aid

of the barometer they might pass unnoticed. I recollect a case in point

which taught me to respect the marine barometer. We had been be-

calmed all day just to the northward of Madagascar ; the sea was as

smooth as a mill pond, and not a cloud to be seen. The heat was in-

tense and exceedingly oppressive. The atmosphere seemed lacking

in some vital element, the least exertion being attended with a shortness

of breath.

The crew went about their duties in a listless, half sullen manner,

and the officers were exceedingly irritable and exacting. Auimals that

had the run of the decks were restless, and those that had been petted

by members of the crew sought out their friends and followed them

about as though for protection.

We thought nothing of all this at the time, attributing it to the usual

enervating effects of a calm in the tropics.

A light breeze sprung up as the sun went down, filling the sails and

giving us good steerage way. It was one of the most beautiful eve-

nings I ever saw, the stars shone with unusual brilliancy in the cloud-

less sky, and although there was no moon, everything could be dis-

tinctly seen about the decks and aloft.
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The only peculiarity remarked at this time was that the slightest

noise attracted attention, and ordinary conversation was audible from

one end of the ship to the other. At 8 o'clock the Captain ordered

the light sails in, and the yards sent down ; the order was executed,

but there were many grave conjectures among the crew as to the com-

mander's mental condition.

Sail was reduced until the ship Avas under close reefed topsails and

storm staysails, everything securely lashed about the decks, hatches

battened down, and every preparation made for a gale. There was a

moderate breeze at midnight, and apparently settled weather. At 4

A. M. a moderate gale, and at 8 A. M. a hurricane ! the ship under

bare poles.

The captain by closely observing the barometer during the day and

evening was perfectly aware of the approaching storm, and while the

rest of us were discussing the doubtful policy of shortening sail in fine

weather and a fair wind, he was deliberately preparing his ship to

meet it.

In the tropical portion of the China sea the barometer is not always

reliable in indicating local changes, and apparent anomalies in its

action are frequently noticed, tending to destroy the confidence of the

navigator in one of his most useful instruments. If not very sensitive

to unimportant local changes, it will invariably indicate great atmos-

pheric disturbances such as typhoons.

Complaints have been made that the warning is at times very short.

AVhen we consider the fact that the storm is advancing two hundred

miles, or more, in twenty-four hours, it may be easily conceived that,

under certain conditions, the atmospheric disturbance would not be

very far in advance of the actual storm.

As a matter of fact, forty-eight hours is not an unusual warning in

the China sea. Twenty-four hours is the rule, and less than twelve

hours is rarely known.

No vessel should encounter a typhoon at sea, if it is possible to avoid

it. If there are no harbors available, sea room should be gained

while able to carry sail ; the second consideration being to get as far

from the vortex as practicable. It will frequently happen that in ac-

complishing one object the other will be attained.

If a typhoon is encountered in the act of recurving it may be very

difficult to determine which way it is moving. The only thing to be

done in this case is to watch the barometer and wind until the general

direction of its path is ascertained, then act according to circumstan-
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ces. "When the storm is advancing in a direct line it is usually a sim-

ple matter to ascertain the bearing and approximate distance of the

vortex.

Instances have occurred where vessels in the track of a typhoon, and

standing directly towai'd it, have been led into the belief that it was a

direct gale, because the wind did not shift, and were thus enticed into

the vortex. This was the case with the U. S. S. " Idaho" off the coast

of Japan.

Currents of the China Sea and adjacent waters.

The currents of the China sea usually take the direction of the pre-

vailing monsoon, frequently modified by land, shoals, or other causes,

some easily accounted for, others simply unaccountable. The uncertain

currents of the Eastern seas add greatly to the difficulties and perplex-

ities of the navigator.

The Kuro Siwo, or Japan Stream.

The great oceanic current called the Kuro Siwo, or Japan Stream

has its origin in the N.E. trade drift of the Pacific ocean, between

the parallels of 10° and 20° north latitude ; taking a westerly course

until it reaches the Philippean islands, where it is deflected to the north-

ward, forming, near the northern end of Luzon, what may be consider-

ed the head of the Japan stream.

Sweeping along the group of islands to the northward of Luzon, a

portion finds its way through the various channels, and, impinging

upon the east coast of Formosa, is again deflected towards the coast of

Japan, the northern verge reaching the latter coast about Cape Sa-

tano, and sweeping through Van Diemen strait with great force.

It attains considerable breadth in this locality, passing through the

Linschoten, and Loo Choo islands, where its velocity is greatly de-

creased, and its limits not well defined.

It takes an E.N.E, direction from Van Diemen strait, attaining its

maximum force on a line drawn from the latter point to the vicinity of

06 sima, thence to Rock Island. From the latter point to Cape Saga-

mi, inside of Vries island, regular tides prevail. They ai'e greatly af-

fected but rarely overcome or entirely neutralized by the stream.

Passing Cape King, where it has an approximate breadth of two

hundred miles, it separates, one branch taking a N.E. by E. direc-

tion, the other south easterly towards the Bonin islands.

Portsmouth Breakers.

The Portsmouth breakers were first reported by the U. S. Ship of
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that name, and were placed in latitude 34° 13' 00" N., longitude 138°

17' 00" E. As they have proven to be the result of currents it may

not be out of place to mention them here.

Of all the reported dangers in the Eastern seas, none have caused as

much anxiety and perplexity to the navigator as that above mentioned.

The report of their existence in this locality, coming from the most re-

liable authority, and, their position being directly in the track of ship-

ping, the spot was most religiously shunned at night and eagerly

sought in daylight.

Ship after ship searched for it in vain, and reported that the breakers

did not exist. Then would come reports from vessels at long intervals

that they had seen them, aud the search would be resumed, with the

same result.

On the 5th of June, 1868, the U. S. S. " Omvard," from Nagasaki

for Yokohama, laid a course to pass over the position assigned them on

the American chart of that day.

They were sighted from the masthead at 2.30 P. M., about ten miles

distant. The weather was clear—a brisk breeze from N.W. aud mod-

erate swell.

We held our course until they were visible from deck, then hauled

up a point to pass to windward. As we had a commanding breeze it

was decided to take a line of soundings in passing. With this object

in view, we ran down to within three cables of the western end, and

were about heaving to for a cast when we discovered ourselves drifting

rapidly towards the breakers, which extended about five miles in a W.
N.W. and E.S.E. direction.

We made all sail and hauled up to IST.E. We now found ourselves

in a heavy swell, the ship rolling violently and still losing ground.

We then hauled by the wind heading N.N.E. and just held our own

until finally drifting past them, when we resumed our course.

The height of the breakers was variously estimated at from fifteen

to twenty feet.

Upon our arrival in Yokohama the circumstance was reported, and

the U. S. S. " Monocacy" went out to search for them, but saw no

breakers.

It is undoubtedly an overfall occurring at long intervals, and lasting

for a short time only. I have passed over the position eighteen times

since then, in all weathers, without seeing the least indication of danger.

Passages into the China Sea.

Vessels bound from America or Europe to Batavia, Singapore, Siam,
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and China, will enter the Java sea through Sunda strait. The same

may be said of those bound to Japan, although at certain seasons, some

of the Eastern passages might be preferred.

Banka, Gaspar, and Carimata straits lead into the China sea. Eith-

er may be selected, but the choice lies practically between the two

former, the latter possessing no advantages to a vessel bound up the

sea.

Banka strait is undoubtedly the safest, and in this respect has great

advantages over Gaspar or Carimata.

Since the recent British and Dutch surveys of Banka strait it may

be safely considered the most accurately mapped of any portion of the

Eastern seas. It is of much greater length than Gaspar, and not so

direct, but its approaches are easy and safe, and good anchorages can

be found through its entire length, enabling a ship to take advantage

of winds and tides.

Vessels entering the China sea through this strait escape the dangers

encountered in the approaches to Gaspar, and during the N.E. mon-

soon, they will gain considerably to windward in smooth water.

Gaspar Strait.

Gaspar strait is extensively used by vessels bound to China direct,

and under certain circumstances, has advantages over other routes. It

is shorter, more direct, and with fine weather and favorable winds, time

will undoubtedly be gained by using it.

On the other hand it cannot be approached at night, or in thick

weather, without great risk. It was surveyed by officers of the U. S.

Navy in 1854, but time did not admit of a thorough examination of

the approaches.

There has been but little hydrographic work done in this locality

since that time. Wiiat little knowledge we have gained, has been from

ships whose wrecks marked, for a brief period, the numerous reefs

and shoals that to-day bear their names.

This kind of exploration has serious disadvantages, not only from

the loss of property, but from an uncertainty as to the exact location

of the discovered dangers. The perilous position of a vessel suddenly

stranded upon an unknown reef is not conducive to accuracy in obser-

vatious for its location.

Vessels bound down the China sea, particularly during the latter

part of the N.E. monsoon, usually pass through this strait, notwith-

standing its dangerous approaches, and will continue to do so, for the
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simple reason that time is gained, which, to a homeward bound ship

with a valuable cargo—the first of the new crop of teas for instance—

•

is a matter of vital importance, and compensates in a certain measure

for the extra risks.

Carimata Strait.

Carimata strait is the easternmost of the three principal channels lead-

ing from the Java to the China sea. Although broader than either

Banka or' Gaspar, it is quite as difficult of navigation, owing to the

fact that it has never been well surveyed.

The positions of many dangers have been determined by officers of

the British and Dutch Navy, but there has been no thorough or con-

nected survey, and many dangers are still unknown, or imperfectly

placed on the chart.

Vessels frequently use this passage when bound from Singapore

strait to China by the Eastern passage, and occasionally by homeward

bounders, when, from the effects of winds and currents, they find it dif-

ficult to hold their course far enough to the westward to enter Gaspar

strait.

Under the above conditions it might be advisable to take this route,

depending upon a vigilant lookout and other precautions well known
to the navigator, rather than upon the charts, which are well known to

be unreliable.

Malacca Strait.

Malacca strait would be used by vessels bound from Ceylon, or the

Bay of Bengal, up the China sea. It is well surveyed, and the chan-

nels generally of good width, with excellent anchorages.

Passages up the China Sea.

Having entered the China sea by any of the above passages, bound

to Hong Kong, or ports to the northward, we have the following routes

from which to select.

The Inner Route.

The inner route lies to the westward of the Anamba islands, to Pnlo

Condore, along the coast of Cambodia, Cochin China, and Hainan. It

may be used to advantage during the latter part of the N.E. monsoon,

in March, April, and May, by sailing vessels and steamers of small

power. They will have smoother water than in the open sea, less cur-

rent, and variable winds.

The Main Route.

The Main route lies to the westward of Anamba islands, to Pulo
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Sapata, the Macclesfield banks, and thence to Hong Kong.

This is the general route during the S.W. monsoon, and is by far the

most simple navigation in the China sea. It is seldom used during the

N.E. monsoon except by full powered steamers. The English and

French mail steamers take it from Singapore to Hong Kong.

Sailing ships have used it also, but the wear and tear is so great that

it is not advisable unless the anticipated results are sufficient to com-

pensate for extra risk and expense.

None but the best Clipper ships would attempt it, and even they

—

after a brave battle with strong head winds, adverse currents, and tur-

bulent seas—have frequently been obliged to bear away in a crippled

condition, seeking milder weather in one of the Eastern passages.

The Game Cock's passage up the China Sea.

The American Clipper ship " Game Coclc^' left Batavia October 18,

1859 for Shanghai, with a valuable cargo, under guarantee to deliver

it within 60 days. Large freights were offered, but no other ship in port

would accept it with the conditions imposed. It was considered a haz-

ardous enterprise and the general impression among ship-masters was

that she would not make the passage in the time specified.

Variable winds and squally weather were experienced in crossing the

Java sea. Gaspar Strait was passed on the 22d with moderate west-

erly winds, and fine weather.

The N.E. monsoon was encountered on entering the China sea
;

moderate at first and increasing rapidly as she went to the northward.

The route to the westward of the shoals was taken—the old route of

the opium clippers—thence to Formosa, passing to the eastward of the

island on the 28th of November, arriving in Shanghai, December 9,

fifty-two days from Batavia.

We were usually under single or double reefs after passing Natuna
and Anamba islands ; from 8° to 22° N. latitude the ship was literally

under water. Nearly everything movable on deck was adrift at one

time or another during the trip, and it was with the greatest difficulty

that we could keep the hatches securely battened.

The weather was usually overcast and misty, with frequent rains,

heavy, turbulent seas, and strong southerly currents. Two or three

days frequently passed without observations.

The experience of the " Game Cock" may be taken as a fair aver-

age from November to February, and as she was one of the most

weatherly of all of the famous clippers of her day, it will be seen that
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the task she accomplished, after a desperate encounter with the ele-

ments, should not be attempted except by the ablest ships, perfectly-

appointed for their work.

The Palawan Passage.

A vessel taking the Palawan passage would sight Low island, pass

between the Natuuas, north of Lucouia shoals, through Palawan pas-

sage, up the coast of Luzon to Piedra point, thence to port, passing

usually, to the southward of the Pratas.

This route is generally used during the N.E monsoon, from the latter

part of October to March, by sailing ships and steamers of small or

moderate power.

Vessels of the above class entering the China sea, through Banka
strait, and finding the monsoon at its height, may escape much rough

weather by taking Rhio strait, or even Varella, Durian, and Singapore

straits, gaining considerably to windward in smooth water, with good

anchorages available, enabling them to take advantage of tides and

favorable winds.

Monsoon gales are frequent from December to February, particular-

ly at the time of new and full moon, lasting two or three days with

thick, rainy weather, turbulent sea, and a southerly current of fifty to

seventy miles per day. Should a vessel encounter one of these gales

upon her arrival at the eastern entrance of Singapore strait, it would

be advisable to anchor until it moderates, when the wind will proba-

bly veer to the northward, or even N.W. for a short time, permitting

her to cross over to the Borneo coast, without the delay she would cer-

tainly have met with had the passage been attempted during the gale.

The route between Great Natuna and Soubi island is preferable for

sailing vessels, but if they find it difficult to work to windward, they

may take either the Koti or Sirhassen passage.

The Apl channel is difficult, owing to the strength and irregularity

of the currents, but has been used to advantage by sailing vessels, and

is strongly recommended by competent authority for steamers, as, near

the Borneo coast, light to moderate winds, and comparatively smooth

seas are frequently met with when it is blowing heavily farther off

sliore.

Smooth water may be expected from Luconia shoals to the northern

entrance of Palawan passage.

From the Palawan it is usually considered advisable to make
Lubang island ; then follow the coast of Luzon at a distance of ten to
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twenty miles to Piedra point, or cape Bojeador, when a course may

be laid for Hong Kong, passing to leeward of the Pratas, unless the

weather is such that the position of the ship can be accurately obtained.

Preparation should be made before leaving the coast of Luzon for

carrying a press of sail, as strong winds, turbulent seas, and southerly

currents will probably be encountered in crossing the sea. A fair

sailer should be able to make Hong Kong, from the northern end of

Luzon, without much difficulty.

If bound to one of the northern ports a course should be held to the

northward of Luzon, passing through one of the channels between the

latter island and Formosa ; along the enstern coast of the latter, taking

advantage of the Japan stream, thence to port.

Passage to the Westward of the Shoals.

The passage to the westward of the shoals follows the main route to

about 10° N. latitude, then crosses over to the coast of Luzon, skirting

the reefs, and reaching the latter coast between Manilla and Piedra

point, where it intersects the Palawan route.

This was the old track of the Opium clippers, but in later years it

was almost discarded for the Palawan passage.

Eastern passage from Singapore Strait.

The Eastern passage from Singapore strait leads through Carimata,

up the Java sea, through Macassar strait, the sea of Celebes, and

Basilan strait, into the Sulu sea; thence along the coast of Mindanao,

Negros, Panay and Mindoro ; entering the China sea through Mindoro

strait, when the route joins that of the Palawan passage.

This route is used to advantage from October to Decembei*, by ves-

sels not prepared to meet the heavy weather of the China sea.

N.W. winds may be expected in the Java sea; southerly and wester-

ly in Macassar strait, and easterly in the Celebes and Sulu seas. Va-

riable winds may be met with in the Sulu archipelago and Philippines,

and gales from all quarters, with heavy thunder and lightning, are

not uncommon.

If it is not desirable to enter the China sea through Mindora strait, a

route nijw be taken into the Pacific Ocean, between Mindanao and Cel-

ebes, entering the China sea between Luzon and Formosa.

Eastern passage from Sunda Strait.

The eastern passage through Sunda strait, the Java sea, strait of

Macassar, Celebes sea, and one of the passages between Mindanao and

Celebes into the Pacific, is much used from October to December.
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The U. S. S. " Onward" took this route, leaving Anjer September

24, 1867 for Nagasaki.

Light S.E. winds with frequent squalls from N.W. were experienced

through the Java Sea. Sourabaya was passed on the 3rd of October,

and Pulo Laut on the 7th ; thence to Cape Maudar, light westerly-

breezes prevailed, with variable winds in Macassar Strait. We enter-

ed the Pacific Ocean by the Siao passage on the 20th of October, car-

rying a moderate N.W. wind with fine weather.

Strong westerly currents were encountered in the Java sea, and a

light southerly set in in Macassar Strait.

A remarkable ripple was met near the northern entrance of the

strait. The attention of the officer of the deck was attracted by a dis-

tant sound to windward, which for the moment he mistook for a heavy

puff of wind ; looking in the direction from which it came he observed a

violent commotion on the surface of the water, the sound increasing

as the ripple rapidly approached the ship, the noise was soon heard

below, and the whole ship's company rushed on deck anticipating an

order to shorten sail, supposing it to be a heavy squall approaching.

Considerable spray was thrown on deck as it passed the ship. The

weather was fine at the time with a light breeze and smooth sea.

After entering the Pacific Ocean moderate N.W. winds were carried

to lat. 12° 00' N., long. 136° 00' E. when the N.E. monsoon was en-

countered and carried to 28° 00' N. 125° 00' E. N.E and N.W. winds

were then experienced until our arrival in Nagasaki, November 12th,

49 days from Anjer.

I have referred to this passage as a fair average for a good sailer

over this route, from the latter part of September to the middle of

November.

It was subsequently ascertained that we would have carried the S.W.

monsoon to the northern end of Luzon, had we taken the route up the

China sea, which would have shortened the trip by about fifteen days.

By taking the Eastern passage we escaped a destructive typhoon which

swept over the China sea on the 24th of October, and would, probably,

have overtaken us between the Bashee channel and Miac Sima is-

lands.

Passages to the eastw^ard of Celebes.

The route to the eastward of Celebes is frequented from the middle

of December to March, thus escaping the strong northerly winds and

adverse currents met with in Macassar strait durino; those months.
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A vessel bound from the Cape of Good Hope at this season would

probably select one of the passages to the eastward of Java. If either

Baly, Lombok, Alias, or Sapie straits are taken, it would be advisable

to enter the Flores sea through Salayer strait, and the Molucca sea by
Boutou strait, or along the southern and eastern side of Bouton island,

thence to Pitts' passage, keeping well to the northward, as strong

southerly currents may be expected.

Having cleared Pitts' passage we have a choice of two routes into

the Pacific. Dampier strait is usually preferred from the middle of

December to February, when fresh northerly winds prevail ; the

Gillolo strait during the latter part of February and March, when the

winds are light and variable.

In the former case it would be advisable to pass to the eastward of

the Pelew islands, when a course may be laid for the Bashee channel,

making an allowance of fifteen or twenty miles per day for the mon-
soon drift.

Leaving Gillolo strait late in the season, it would be safe, with a fair

sailing ship, to pass to the westward of the Pelews, and, from about lat.

12° 00' N., long. 131° 00' E., lay a course for Bashee channel making
an allowance for the monsoon drift as before.

Onibay strait is much used from the middle of December to March,
and is considered by many navigators to possess some advantages over

other passages east of Java. The route is directly across the Flores

sea to Pitts passage, where it intersects the route just described.

Hong Kong to Singapore in the N. E. Monsoon.

Ships bound from Hong Kong to Singapore, and the straits leading

into the Java sea, during the N.E. monsoon, usually take the inner

route by the coast of Cochin China until February, and the main route

in INIarch and April.

During the strength of the monsoon there is a heavy, turbulent sea,

which, by the main route, will be brought nearly abeam, causing a ves-

sel to labor heavily. Deeply ladened ships have been known to receive

damages of so serious a nature, from the above cause, that they have
foundered before they were able to reach smooth water.

After the strength of the monsoon is over, the main route is prefer-

able ; and time has been gained in April by keeping from 100 to 150
miles to the eastward of the main route.

From Hong Kong to Singapore during the S.W. Monsoon.

The i)assage from Hong Kong to Singapgre during the S.W. mon-
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soon is apt to be tedious, but is much easier than a trip to the north-

ward during the N.E. monsoon.

It was formerly considered impracticable to beat down the sea

against it, but since the era of Clipper ships the main route has been

much used by vessels of that class. A route more to the eastward is

much used and may generally be considered preferable
;
passing Mac-

clesfield bank in about 116° 00' E. longitude, thence to about lat. 9°

00' N. and Ion. 112° 00' E. when a southerly course may be taken for the

west end of Borneo, following the general coast line to Carimata strait,

thence across the Java sea to the strait of Sunda.

The Palawan passage has been used, but seems never to have become

a favorite route.

The Eastern passage by the coast of Luzon, Mindoro strait, the

Sulu and Celebes seas, strait of Macassar, and the Java sea, is a favor-

ite route for vessels wishing to escape the wear and tear of beating

down the open sea.

From Hong Kong to Shanghai during the N.E. Monsoon.

A sailing vessel leaving Hong Kong bound to Shanghai or one of

the northern ports during the N.E. monsoon, will generally gain time

by standing over, on the port tack, to the vicinity of Luzon ; then

stand across to the China coast, when she will probably weather

Breaker point. The south end of Formosa can then be gained without

serious difficulty.

It is the custom with many experienced navigators to beat up along

the China coast to Breaker point, and then stand across for Formosa.

Both routes have their advocates, and, under certain conditions, each,

doubtless, has its advantages.

The latter route might be preferable with a weatherly, quick work-

ing ship, and a thorough knowledge of the coast, the probable direc-

tion of the winds at different hours of the day, set of tides and currents,

and available anchorages.

The route to the eastward of Formosa is almost invariably taken,

the advantages being a weatherly current of from 20 to 30 miles per

day, instead of an adverse set of 30 to 50 miles in the strait.

The sailing directions usually recommend the route to the eastward in

order to escape the heavy seas of Formosa strait. My experience has

been that heavier seas are met with on the south and east coasts of

Formosa than in the strait, or anywhere else in this region ;
and

steamers avoid the route on that account. The weatherly current above

mentioned is its only recommendation.
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After passing the north end of Formosa it is advisable to keep well

off the coast until up with the Chusan islands, when a course may be

laid for port.

Small coasting steamers follow the coast, taking advantage of all

passages affording smooth water aud anchorages. Large, full powered

vessels take a direct route to Breaker point, and then make the lights

in succession along the coast.

The most tedious part of the trip is usually from Breaker point to

Chapel island. The monsoon seems to attain its greatest force here,

with a heavy, confused sea aud strong current.

The passage inside the Lamocks, and Brothers, is sometimes taken

to avoid the heavy head sea outside.

From Shanghai to Hong Kong during the N.E. Monsoon.

The passage from Shanghai to Hong Kong during the N.E. mon-

soon is through Formosa strait, and along the China coast ; sighting

the lights in succession. Every opportunity should be availed of to get

the ship's position, as cloudy, misty weather is the rule, and dense fogs

set in frequently when least expected.

The currents are very strong at times, and great caution is necessary

in thick weather to prevent running past the port.

Shanghai to Hong Kong in the S.W. Monsoon.

The route for steamers and sailing vessels is pi'actically the same
from Shanghai to Hong Kong in both monsoons.

During the S.W. monsoon sailing vessels usually favor the China
coast, making short tacks and taking every opportunity to verify the

ship's position, as hazy, foggy weather prevails, particularly in the

early part of the season.

The passage to the southward against this monsoon is not as difficult

as to the northward against the other. The winds are more variable,

and laud and sea breezes are frequently met with close in shore.

A moderate sailing ship should make the passage without serious

difficulty or delay.

Vessels homeward bound from Shanghai, wishing to escape the wear
and tear of beating down the whole length of the China sea, frequently

take the eastern passage.

From Hong Kong to Yokohama in the N.E. Monsoon.

A sailing vessel bound from Hong Kong to Yokohama in the N.E.
monsoon would take the Bashee Channel and a direct course from
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there to the Gulf of Yedo. Should she fall to the leeward of Bashee

channel it would be advisable to take one of those to the southward,

not attempting to work to windward until well clear of the islands,

where better weather and more sea room will be found. Great caution

will be necessary however as this region is but partially known, and

imperfectly surveyed.

The route for steamers is the same as that to Shanghai until up with

Turnaboat Island : a direct course may then be taken to Van Diemen

strait, 06 sima, Rock Island, and the Gulf of Yedo.

Another route, and one I much prefer, is from Turnabout to the

Linschoten islands, passing between any of those to the southward of

Naka sima; thence direct to 06 sima. Rock Island, and to port.

The latter route has several advantages. The course being more to

the eastward, all sail can frequently be carried with the prevailing

winds, when fore and aft canvas would hardly stand if steering for

Van Diemen strait. The latter place is proverbial for its constant

thick, rainy, squally weather, and has been not inaptly termed the

Cape Hatteras of Japan.

Clear, pleasant weather is the rule in the Linschoten islands, and the

exception in the strait.

The passage through the islands can be taken with safety either by

night or day ; even in cloudy weather the atmosphere is usually clear

enough to distinguish the land at a safe distance. There are no outly-

ing dangers near the route usually taken, and the distinctive features

of the islands are so marked that they are not easily mistaken.

I usually steered direct for Suwa sima, an active volcano, Avhich

could be distinguished by its smoke and a dense cloud which generally

hung over it, before the land was visible. Passing from five to ten

miles the northward of Tokara, and from twenty-five to thirty-five

miles from Yoko sima, which I never failed to see.

There is an offset from the stream near Van Diemen strait, which,

passing through Colnett and Viucennes straits, meets the current

through the islands, causing strong eddies and heavy tide rips, and, in

my opinion, accounts for the various breakers and rocks supposed to lie

off the south end of Tanega sima. I have frequently passed the posi-

tion assigned them on the charts without seeing anything more formid-

able than the tide rips above mentioned.

The current of the Jj^an stream is divided by the islands to the

southward of Cape Satano ; one branch flowing through Van Diemen

strait, the other through the Linschoten islands, the streams joining
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again about fifty or seventy-five miles to the eastward of Tanega sima,

I have frequently experienced a light counter current in this locality.

There is an average loss of fifteen to twenty miles in current by tak-

ing this route, but I consider the advantages of fine weather, a lead-

ing wind across the sea, and the simple navigation through the islands,

ample compensation for disadvantages arising from the temporary loss

of a favorable current, or other causes.

It is usually considered advisable to make 06 siiiia in passing, to

verify the ship's position, as the current of the Japan stream is very un-

certain in direction and force.

From the latter point to Rock island, the maximum strength of the

stream will be felt. My experience has been from one-half to three

knots per hour, depending upon prevailing winds, and other causes not

satisfactorily explained.

With the ordinary coast winds a vessel will usually be set a little off

shore between the above points. I have never been set inshore except

with strong southerly winds.

A steamer will usually make her course good between Rock island

and Vries island, but from the latter point to Cape Sagami it will, at

times, be seriously affected by the tides, which, at full and change, are

very strong, and set on and off shore, across a vessel's track.

On one occasion I found the flood setting into Odawara bay three

knots per hour.

From Hong Kong to Yokohama in the S.W. Monsoon.

The general route for sailing vessels from Hong Kong to Yokohama
in the S.W. monsoon is through the Bashee channel, and direct to the

Gulf of Yedo.

The route to the eastward of Formosa, and the Linschoten islands, is

frequently taken, and even that by the strait of Formosa, and Van
Diemen's strait. The latter route is not recommended however, and is

seldom taken.

Steamers take about the same route in both monsoons, except that

small vessels do not find it necessary to hug the China coast as closely.

From Yokohama to Hong Kong in the N.E. Monsoon.

Sailing vessels bound from Yokohama to Hong Kong in the N.E.

monsoon usually take the direct route to the Bashee channel, thence to

port. They would probably find variable winds to about 28° N—where

the monsoon should be met with and carried to port.
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Steamers, after passing Rock island, usually follow the coast line to

Oo sirua, avoiding the Japan stream, getting smoother water, and oc-

casionally a light counter current setting to the westward.

From Oo sima a course would be laid for Cape Muroto ; thence to

Cape Isa, Towi saki, and Van Diemen strait.

In crossing Kii channel a vessel may be set in or out as the current

happens to be running.

From Muroto to Cape Isa a steamer will usually make her course

good, but from the latter point to Towi saki the set is invariably in-

shore, except during a N.W. gale.

This indraught has been felt so strong at times that vessels have

found themselves inshore to the northward of Cape Cochrane, and, mis-

taking it for Towi saki, have found themselves in dangerous proximity

to Nelly rock.

From Towi saki to Cape Satano it is customary to steer from point

to point, avoiding the strength of the stream, and keejDing hold of the

land as much as possible, for it may be obscured at any moment. I

have usually found the vessel set off shore a little between the above

points.

Having passed the strait it will be advisable to steer for Kuro Sima,

passing a mile to the southward of it, when a direct course may be laid

for Tung Ying island, on the China coast, thence to port by the strait

of Formosa, before described. The Japan stream is usually avoided

by taking the above route.

If a land fall is to be made at night it would be advisable, when ap-

proaching the coast, to make Turnabout light. It can be seen twenty-

four miles in clear weather, and I have never failed to see it at a dis-

tance of eight or ten miles.

In making the land in this vicinity I have usually found the ship to

the northward of her course, and never to the southward, even with

strong northerly winds.

The length of this paper admonishes me of the necessity of bringing

it to a close. I wish to observe in conclusion, that it does not aspire to

the dignity of a sailing direction, an object unattainable in a paper of

this kind.

The subject covers so much ground that I have found it impractica-

ble to enter into detail in any of its various branches, simply glancing at

the physical geography of the region embraced in the title, as affecting

the navigation of its waters.

I have attempted to draw attention briefly to most if not all the
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routes experience has taught us to adopt under the ever varying con-

ditions of wind and weather.

The periodical and prevailing winds, and other atmospheric phe-

nomena, occupy a large portion of this paper, as having the most direct

and important bearing on the subject under consideration.

The various currents materially atfecting navigation have been brief-

ly noticed.

The meteorology of the region embraced in the title, furnishes ma-

terial for a most interesting and useful paper ; and it is to be hoped

that some of our officers whose duties have peculiarly fitted them for

the discu.>!^sion of this subject, will favor us with the result of their in-

vestigations.

Those who are familiar with the standard authorities on the China

sea, are aware of the fact that much of the data dates far back into the

eighteenth century, sujjplemented from time to time, in new editions,

with more recent information ; the several volumes of the present day

being a compendium of personal experiences.

If my experience related in this paper has added anything, however

insignificant, to the general knowledge of those distant and imperfectly

known waters, or if my eftbrts shall induce others, more competent, to

take the subject up, in any of its branches, the object of this paper will

have been accomplished.



Lieut. Collins. I would like to ask what the action of the barometer
was previous to anil during the cyclone alluded to as having occurred to
the northward of Madagascar.

Lieut. Tanner. I have no data at hand, and do not recollect the ex-
act height, but I remember its general action perfectly well.
AVhen it fell calm on the morning previous to the storm the barometer

was at its normal heiglit in good weather, something over 30.00 inches.
It began to rise rapidly during the morning and, at 4 P. M. was unusually
higli, showing a decidedly abnormal atmospheric condition. It then com-
menced falling, slowly at first, then rapidly, until 8 P. ]M. The Captain
was then convinced of the near approach of a cyclone and commenced his
preparations to meet it.

The greatest depression was at about noon, when the storm was at its

height, it was between 27.50 and 28.00 inches. It began to rise between 1

and 2 P. M., the wind moderating during the afternoon.
As tlie subject of this gale has been brought up it may not be out of place

for me to mention some of its features.
The close reefed top-sails and storm stay-sail were blown away about 6

A. M. The hands had been called to take them in, but the wind increased
so rapidly there was so chance to save them.
From 9 A. M. to lueridian the lee scuppers were under water most of the

time, the sea a mass of seething foam, with a dense white mist enveloping
the ship to the height of the tops. A tropical sun was shining brightly
over head, and the evaporation was so rapid that the wood work on deck,
the ships' sides, masts, and rigging, were soon covered with a coating of
salt, our faces, hands, and clothing were covered with it, the air was full

of it, we could see it, taste it! Tlie foam and mist was so dense that blue
water was not seen for several hours.
We had marled the sails to the yards with studding-sail gear, but they

were eaten away between the turns, and those that were not entirely
blown away required extensive repairs.

After the topsails blew away we lashed some new tarpaulins in the
weatlier mizzen rigging, but they blew away during the forenoon. There
was but little sea until the wind began to moderate during the aftei'noon,
then we had a fearful one, knocking the ship about so badly that seams
and butts opened in the most alarming manner.
The ship was cotton loaded and, as far as her cargo was concerned, met

the gale under the most favoi-able auspices.
Lieut.-Comd'r. Nklson. Although not within the limits of the papei", I

would like to ask Lieut. Tanner if the mail steamers between San Fran-
cisco and Yokohama take the Great Circle route, and if not, for what
reason.

Lieut. Tannkr. The Great Circle is never taken by the side-wheel
steamers. The propellers take it at times during the months of June,
July, and August. An approximate Great Circle is usually preferred how-
ever.

^Vesterly winds prevail to such an extent over the northern part of the
Pacific ocean for nine months of the year that a constant swell may be ex-
pected from that direction. Winds and sea are generally heavier as the
higher latitudes are approached, decreasing in the region of the trades.

In crossing on rhumb the line it is nothing unusual to encounter a heavy
N.W. swell for a week or ten days at a time with little or no wind, not
enough to steady the ship with sail. A constant heavy rolling must be sub-
mitted to or the ship hauled up head to sea.
This swell is as much, if not more, dreaded than the gales on this route.

To avoid it as much as possible the side-wheel steamers' adopted the route
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from San Francisco to thirty degrees N. one hundred and forty degrees W.
crossing on the thirtieth parallel to one hundred and fifty degrees E.
thence to port, making the distance five thousand two hundred and fifty

miles.
Returning they usually take the rhumb line, the distance being four thous-

and, seven hundred and seventy-seven miles.
In making the trip to the westward in the " City of Peking" I usually

took the rhumb line, but if heavy westerly or N.W. winds were encountered,
would bear away to the southward and westward under steam and sail, for

the side-wheel route, or until milder weather was found.
I usually took the great Circle in returning, to about forty degrees N.

during the winter months ; forty-two to forty-four degrees N. during the
autumn and spring, and from forty-four degrees to forty-six degrees N.
during the summer, making the distance four thousand six hundred to four
thousand six hundred and thirty miles, the great Circle being four thous-
and five himdred and twenty-three miles.
The latter route would take a vessel to forty-eight degrees, twenty-five

minutes N. and in the wintertime it would be so cold that the sails and
running rigging would be frozen at times, making it impossible to gain the
full benefit" of fair winds
Crossing on the parallel of forty degrees N. better weather is met than

nearer the islands, and it is never cold enough to freeze much—not enough
to interfere with the handling of sails.

Constant fogs will be encountered on the great circle route during the
summer, and as they are not as frequent between the parallels of forty-four
degrees and forty-six degrees N . that route is usually preferred. Much misty
weather will be found all over the North Pacific in the summer, but on the
latter route the sun will usually be seen during the day, and stars at night,
a heavy mist hanging over the water.
When the Occidental and Oriental steam ship line commenced running

they adopted the great circle route but the wear and tear was so great, that
after a year's experience ihey abandoned it except during the summer
months.
Rear-Admiral Jenkins made some general remarks on the relative value

of side-wheel steamers and propellers for Ocean service, and the route be-
tween San Francisco and Yokohama in particular.
In refei'ring to the typhoons of the China sea he said that wlien he took

command of the Asiatic station he gave orders that no ship should go to
sea with a fiilling barometer. The result was that during the two years he
was in command he never had a vessel caught in a typhoon at sea. He
thought with proper caution a man of sense need seldom be caught in a
typhoon at sea in time of peace. In war time it would be difierent, it

might be necessary to take extra risks then.
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At the risk of being accused of devoting too much attention to what

is termed, by some officers, soldiering, I would ask your attention this

evening to a few remarks in reference to our possible operations on

shore.

The Naval Brigade is not a new invention. As long as navies have

existed the crews of ships have been, from time to time, employed as

troops. We can hardly read ten consecutive pages of the naval his-

tory of any nation without coming across the descriptions of the doings

of seamen on shore, either alone or in conjunction with the regular land

forces. Some of these operations have been successful, others have been

wretched failures. It is interesting to note however that the greatest

successes have followed the most intelligent preparations. When
we are in Rome we must do as the Romans do. AVhen we go ashore

to fight we must fight as they do on shore. It seems ridiculous to sup-

pose that we could gain any advantage, except over the untutored sav-

age, if we do not profit by the teachings of those who by experience

and study have made themselves the mentors of our sister service. A
few years ago, in an official document, a high officer of the army said

that a merchant steamer armed with guns and manned by artillery-

men would be a complete substitute for a man-of-war. Tlijs idea was

scouted at in the navy. Would the idea of calling away the starboard

watch and going ashore to board a fort, seem any less preposterous to

our gallant friends in the army? If we are to go ashore to fight we

must for the time being forget entirely that we are sailors. We must
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have thorough army organization, equipment and discipline ; and fol-

low out received principles of manoeuvring in order to be able to ac-

complish anything. If we cannot do this we had better never leave

our boats.

The untutored savage is becoming a greater rarity every day. No
better proof of this fact is necessary than that of the number of the

most improved fire-arms which are being exported from our country to

every part of the globe. The Zulu is better armed than the Euglish-

man, the Indiau thau the American. The papers are talking of a coa-

lition between England and Russia to restrain the growiug military

power of China.

It seems absolutely necessary, however, from the role which our

men-of-war have to play, in protecting the lives and property of our

own citizens, and those of friendly nations, even in time of peace, that

we should sometimes go where the guns of our ships caunot reach, or

where, if they did reach, they would do as much harm to friends as to

foes. In order to do this we must make our officers and men efficient

infantry and artillerymen. There was an old idea that a sailor could

not be made efficient as any thing but a sailor. This idea, thanks to

our gallant President and Vice-President, as well as to many other in-

telligent modern officers, is fast wearing away. Some of the drill

hours in port can easily be devoted to acquiring something of this

knowledge, instead of wearing out our spars, sails and rigging, to say

nothing of our good sense, in exercises which are of no real service at

sea. In order to gain the proper information the ceremonies of review

and dress parade should be rigidly tabooed. In how many ships is any

thing in the way of battalion or naval brigade drill attempted? all

the time devoted to this branch being consumed by these useless mum-
meries. An inspection with opened ranks and a passing salute is all

that discipline or efficiency really requires. What we want to do is to

make our men real working soldiers and marksmen. The study of the

whole system of the Naval Brigade would be exceedingly interesting,

but our time and space preclude it. We shall find enough in the sub-

ject of our thesis for one lecture and shall hope that another officer,

who is with us this evening, and who has devoted much time and intel-

ligent study to the subject, will tell us something, on a future occasion,

in regard to the infantry branch.

An eminent naval officer once told the lecturer that he did not be-

lieve in " hard and fast" rules in regard to landing parties. We
probably all agree with him. We must however have some system,
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and that system must be capable of modification to suit circumstances,

and must be calculated to cope with the most iutelligent and best

armed enemy ; what will do for him will carry us through with the

unintelligent.

The cases under which we would land boat guns would be :

1. To occupy a seaport town or buildings in that town ; as at Mon-

tevideo, Panama and Honolulu.

2. To attack inland ports ; as in the Corea.

3. To make a raid into the country in conjunction with the Naval

Brigade ; as on the James river.

4. To accompany the army when they could not land or had not

their own artillery ; as in North Carolina.

5. To make a long march inland ; as in the Ashantee expedition.

Generally speaking the number of guns which we land is out of all

proportion to the number of men. The generally accepted number, in

all modern armies, is two to a thousand men. We far exceed this

number. Our ratio at the Key West landing was eighteen pieces to

about two thousand men. Under certain circumstances, as for in-

stance, in the first case mentioned, this might be permissible, but would

it be safe to so far exceed the general rule for manoeuvring? Would
it not be better to reduce the number of pieces and increase the crews

and amount of ammunition, even if we had to convert some of our gun

carriages into caissons. Four pieces to a thousand infantry would seem

to be the utmost limit which we could safely reach, with any hope of

efiectiveness, for field operations. We must remember that these

pieces have to be dragged and defended. When we consider that one

good repeater in the hands of an expert marksman, under certain cir-

cumstances, will do as much and even more execution than a piece,

should we weaken our infantry strength ?

Col. Brackenbury, himself an artilleryman and an authority, after

citing the disastrous effect on gunners by infantry marksmen at Oke-

hampton, says :
" Here we have to face the great question of the com-

parative physical and moral power of infantry and artillery, and the

moral effect produced upon one or the other arm by equal losses."

Before attacking this subject, permit me to say, that, in my humble

opinion, the principal arm, the mainstay of an army, is as it has been,

and must be long after our time, the infantry. It is the easiest trained^

the cheapest to place in the field and to keep there, the only arm

which is equally powerful at rest and in motion, the most easily con-

cealed and the simplest in its armament and use. Only infantry can
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decide battles and secure the ground won. "Whatever may be the in-

creasing value of artillery, it can never supply the place of a single in-

fantry soldier. But on the other hand the value of artillery has grown

greatly of late years. If the guns are of no use when in motion, their

long range renders the necessity of their motion much less.

Artillery can be sorely annoyed or even caused to retire by the fire

of infantry skirmishers well concealed in folds of the ground or be-

hind walls and trees. Therefore infantry should not attack in any

formation, but, so to say, stalk the guns. And this being granted in-

fantry should always attack guns ; who knows but what they may be

tmsvpporfed ? The only reply to such hidden attacks when there is no

attached support, is by the use of dismounted cavalry, or, better still, by

dismounted men trained to work on foot either as riflemen or gunners

and 'permanently attached to the batteries.

lu small landing parties, the number is still more disproportionate
;

the writer has seen a gun landed with an infantry force scarcely larg-

er than its own crew, a large part of which was comprised in a color

guard. This imposing force would probably bring a smile to the face

of an old campaigner. If the proportion which we have assumed

should be adhered to, a gun would never be landed with less than five

good companies of infantry, on the supposition that these companies

will be about forty men strong.

Guns, when landed for field service, should be accompanied by an

extra carriage, fully manned, which should be fitted and used as a

limber. This, if the two crews were full, would give a double crew of

forty men. For service near the base of supplies, or for position bat-

teries, as many guns as possible might be landed ; the extra ammuni-

tion being stored in temporary magazines or in the boats. It should

be borne in mind that a gun is only effective while it is thoroughly

supplied with ammunition.

In this arrangement we have allowed twenty men to a crew. This

is the least number that can be expected to render a gun thoroughly

mobile under ordinary circumstances ; on a long march or over very

bad ground this number would have to be considerably augmented ; as

many as fifty men have been employed in some cases on record. The

extra carriage arrangement gives, besides the extra ammunition, with

so much extra weight it is true, nearly this number, and greatly in-

creases the ease of motion of the piece by raising the trail ofl^ of, and

sometimes literally out of the ground. The trail of the extra car-

riage, which we Avould designate as the limber, should be fitted like
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that of the long GatHng gun, with handles and a supporting rest.

There has been a prejudice amongst many commanding and execu-

tive officers against having limbers aboard ship. Our plan would

not bring any extra gear, as most ships have already two guns mount-

ed on field carriages, and as, if our proposition was accepted, only a few

of the guns would be landed.

Eveu with the large crew proposed, extra men may have to be bor-

rowed from the 'infantry on the march ; or it may even become nec-

essary to relieve the whole of the motive-power part of the crew by

infantry. We use the words " motive-power part of the crew" advised-

ly, as we would divide the crew uuder two heads,—the cannoneers

and the dragraen or riflemen.

In action any of our pieces may be fully served and supplied with

ammunition by at most eight men and a quarter gunner ; this num-

ber exceeds that allowed at the largest army field guns by two, and is

more than should be allowed about a piece, in order not to offer any

larger target than absolutely necessary to the enemy's fire. This num-

ber of men can also move the pieces and ammunition boxes, for small

distances, without assistance. We would designate these men therefore,

as the cannoneers. They should never leave their piece and should be

taught to rely entirely upou it for offensive and defensive purposes. In

order the more thoroughly to inculcate and insure this, these men

should have no firearms, and should only be supplied with battle axes

and intrenching knives. These would be of service in repairing car-

riages, cutting away obstructions, intrenching etc, and in case of a

hand to hand m616e would be quite as serviceable as a cutlass.

General Gibbon says :
" Let the rifles be given to the infantry, and

the sabers and revolvers to the cavalry
;
guard the artillery with these

arm.s, and teach them that their salvation is in sticking to their pieces."

The cannoneers with the exception of numbers seven and eight are

generally stationed, on the march, at the guide and short drag-ropes,

and the wheels. Their labor is therefore comparatively light, and as

they have no small arms or small arm ammunition, they might be ex-

pected to carry a couple of complete rounds apiece for the gun. The

quarter-gunner would have his haversack containing spare articles, tools,

primers, fuzes, etc. The remaining twelve men, whose only duty, in

connection with the moving or working of the piece, is in long chang-

es of base or on the march, in other words the drag-men who replace

the horses in an army battery, we would arm and designate as riflemen

for reasons which we hope to make clear further on. As they only re-
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quire enough small arm ammunition to defend the piece when actually

attacked, and are not expected to take part in the general manoeuvres

as infantry, they each could carry a passing box containing two cart-

ridges for the piece, the projectiles being carried in the axle boxes. These

are now generally fitted to carry, in all, twenty rounds, but by this ar-

rangement might be increased to hold thirty-two. This would give a

total of forty-eight rounds per piece with a single crew, and one hun-

dred and six with a double one and limber. This is about the number

allowed to a field piece in the army for field service. Two thirds of

the projectiles should be shrapnel, and six rounds of canister per

piece should be carried, according to the best authorities.

The cannoneers of the limber crew should be equipped similarly to

those of the piece. In case of casualties they would replace their cor-

responding numbers at the gun, otherwise they would manoeuvre the

limber, and take charge of the ammunition, keeping themselves and

their charge well under cover in reserve. A word as to the position of

this cover. It is generally the custom to place the ammunition from

twenty to twenty-five paces in rear of the pieces when in battery at ex-

ercise ; as in all drill formations in order to secure uniformity it is nec-

essary to give certain distances . This distance must not be blindly

adhered to in the field nor always at drill ; the distances might be

greatly increased in order to get good cover, the charges being passed

up if necessary by a chain of men ; nor is it absolutely necessary

to place the ammunition in rear of the pieces which under some cir-

cumstances of artillery fire would be the most exposed position. A
good cover on the flanks should be selected in preference, giving the

double security of protection and removal from line with the troops.

The windward side of the line of guns is preferable to the leeward un-

less it should be found that most of the enemy's projectiles deviated in

that direction.

The dragmen should be armed with the most perfect weapon possible,

which today would seem to be the repeating rifle. They should not be

provided with bayonets as they will not be required to charge, but

should have a good intrenching tool. They should not carry as much
small arm ammunition as a regular infantry man, as they will only be

required to protect the battery. In compensation for the possible dif-

ference of weight between the bayonet and intrenching tool, and the

small amount of small-arm ammunition, they should carry two car-

tridges for their pieces.

All modern writers on artillery seem to coincide in the opinion that,
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to make artillery at all effective when closely engaged, it must be sup-

plied with a permanent support. In army batteries under most cir-

cumstances a support could readily be detailed from the large number
of infantry generally at hand. In the Naval Brigade, where every

man counts, after taking the large number of men already detailed for

our guns, it would hardly be prudent to still more reduce our active

strength by detailing men for permanent supports, on the march or in

action, especially when, in a single crew, we could have twelve men
who would be utterly useless while the piece was in action. There is

nothing that we can give them to do. The best troops in the world,

without effective arms and occupation under a galling fire, would seek

shelter, and this shelter might be found so very far to the rear that when

it really became necessary to use them to move the piece, they might

not be forthcoming. As we cannot place our blue-jackets quite on a

par with the best troops, much as we would like to, we must give them

something to do and make them useful.

We have already quoted what Col. Brackenbury says about perma-

nent supports.

The Commission on the reorganization of the French Artillery re-

port: " Many officers think that the troops employed as temporary sup-

ports for artillery do not perfectly assure its security, and propose to

create particular troops to form permanent escorts to the batteries."

Archduke John of Austria, says: " That artillery should be self sup-

porting ; that it should have with it its own supports ; that with an

open front it can protect itself against advancing infantry with its can-

ister, and shrapnel with fuses cut so as to explode at the muzzle ; but

with an undulating front or one with cover for skirmishers it is perfect-

ly helpless." In consequence of this opinion, coming from the highest

authority on the use of light artillery in Austria, there has been per-

manently attached to each battery, three non-commissioned officers and

twenty-four privates whose duty it is to act as riflemen. They guard

the battery on the march and in camp. In action they replace the can-

noneers in case of casualties and protect them from the attacks of skir-

mishers. The writer saw numberless batteries thus equipped, moving

into Bothnia last summer. He also noticed at the manoeuvres at Al-

dershott and the Autumn manoeuvres in France, that all the limber

and caisson boxes have rifies strapped to them for use against skirmish-

ers. Can we do less ?

The range of artillery has been so greatly increased that the whole

system of artillery fighting has been changed. Where Napoleon, and
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Scott even, pushed their batteries up into the first line, within stone's

throw of the enemy, we would, except in a great emergency, place our

guns in a commanding position, which, after we had once picked up the

ranges, we would try to maintain. The modern rifle is most effective

when coolly handled, properly served, and when the ranges are accu-

rately known. The ricochet of the old smooth bore has ceased to be

a factor in the problem of hitting.

There seems to be no doubt that a field gun must be a rifle, on ac-

count of its long range, accuracy, flatness of trajectory and consequent

increase of the danger space, and that to obtain the best results a rifle

must be a breech loader. Some naval ofiicers seem to cling to the old

smooth bore Dahlgrens as boat guns. Why, they can hardly tell

themselves. They advocate the rifle for the ship and the rifle for the

man, but stick to the smooth bore for the boat and for the battery. It

is unquestionable that the old smooth bore could stand more hard usage

than the perfected-breech loading rifle, but is not the same true as be-

tween the old sea-dog and the modern educated seaman, the blunderbuss

and the repeating rifle. The true reason probably is that canister was so

effective from the old gun in the hand-to-hand fighting, of which we are

told. Canister can be used just as effectively with the rifle in an emer-

gency and should be supplied in small quantities for such occasions.

The breech loader it is true requires more care and more careful and
intelligent handling, but so does almost every contrivance used afloat.

A want of knowledge of the working of a machine often causes it to

be rejected in the popular mind as useless. Two years ago, an officer,

who had had for some time under his immediate command two Galling

guns, asked the writer to tell him how to get out a lock, A few days

before he had been on active service with them ; had a break down or

a stoppage occurred in action, he would probably have attributed it to

the complication of the mechanism.

In regard to the employment of machine guns on shore, it would
seem that one must be entirely guided by circumstances. The Gatling

would be of great service in defending approaches or in street fighting

where the enemy kept to the streets and did not fight from houses, bar-

ricades or behind cotton or hay bales. It is very doubtful however,

whether one would be as useful as twenty men (its crew) armed with

repeaters, under any circumstances. It certainly would not replace a

three inch B.L.R. in the field. The Hotchkiss revolving cannon, if

adopted, with its explosive projectile, of lawful dimensions, its long
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range, and great facility of pointing and training, might be of great

service under almost all possible circumstances.

At the present moment the steel three inch B.L.R. is the most effect-

ive field piece which we possess in the navy, and it should always be

given the preference for field service.

In order lo make artillery fire thoroughly effective, there must be

some way of ascertaining the correct range. A few hundred yards out,

in a range of three thousand yards, would seem little, but reduce the

range to three hundred yards and see what it would be. The same ef-

fect is produced at the longer range. The fire must be accurate to be

of any use. Artillery seems to be under a cloud in Europe on account

of the small results in comparison to the number of guns employed and

amount of ammunition expended in modern wars. This is entirely due

to a want of knowledge of the distance from the target.

The " Instructions sur le Service de I'artillerie " approved by the

French Minister of war, April 20:h, 1876, gives the following interest-

ing list of means for determining distances :

" Distances in the field can be found by divers methods
;

1st. Practiced eye sight.

2nd. Topographical Maps.

3d. Special Instruments.

4th. By the interval between the flash and sound."

1. By continued practice the eye can be relied upon up to five

hundred yards. Beyond that distance the variable condition of the at-

mosphere and the lay of the ground cause large errors.

The following hints may assist when other means are not at hand :

With ordinary eye sight are visible, at

30 yards, whites of eyes
;

80 yards, eyes

;

150 yards, buttons

;

300 yards, faces and principal parts of uniform

;

500 yards, head

;

800 yards, movements of arms and legs

;

1200 yards, outline of men and horses
;

2000 yards, horses and men
;

4000 yards, the number of windows in a house.

A good glass will greatly assist the operator but he should have de-

termined its relative points of visibility which should be printed on a

small piece of paper and glued on to it for reference.

2ud. If a chart or an accurate large scale map is at hand, the dis-
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tances may be ascertained by noting the proximity of permanent land-

marks such as houses, cross roads, prominent trees &c. By plotting

these an approximate distance may be obtained,

3d. We have none of the instruments in service which would ren-

der this method effective. In Europe very excellent results have been

obtained with several systems of range finders, especially that of our

countryman Col. Berdan. Range finders would be very valuable to us

for all kinds of firing and it is to be hoped that the Bureau of Ord-

nance will be able to get the necessary funds to provide at least one to

every ship.

4th. By the interval between the flash and the sound of the enemy's

arms. This can be done when the flash and its corresponding sound

can be sharply distinguished, by means of a good ordnance watch, or

by Boulange's Telemeter. This method is however useless in the con-

fused din of battle.

In the field, shrapnel will generally be found the most effective pro-

jectile at almost all ranges. In picking up a long range it will iren-

erally be best to use first a few shell, as their explosion is more readily

observed. At very short ranges canister will be found most effective,

as no time need be lost in cutting or setting fuzes. The moi-al effect of

the explosion of the projectile will however be lost.

A good position once taken up should not be abandoned without a

very good reason, A few hundred yards difference in the position of a

rifled piece of long range would make very little difference in the effect

of the fire. In a successful attack guns should not be moved to the

front for distances less than five hundred yards, and then only to take up
a very much better position. The distance moved should be accurately

noted and corresponding changes made in sights and fuzes. It must be

borne in mind that, while a battery is being moved, and even for some
time after it has taken up its new position, it is non effective.

Major Hoflfbauer, the German artillery authority, says: "Changes
of artillery position are rendered necessary by the course of the combat,

but if frequent they are detrimental and, if a few hundred yards only,

are to be avoided, unless it is necessary to make a short movement to

the front or rear in consequence of the enemy's having got the range

too accurately, and so mislead him or cause him to get the range a-

fresh." Again he says :
" When a battery ceases fire from want of am-

munition it remains in position as it thereby deceives the enemy, who,
not knowing the cause, expects it to reopen at any minute."

Artillery fire will generally be carried on at long range ; the circum-
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stances where guns would be opposed to guns at short range would be

almost unprecedented in modern warfare. The side having the light-

est guns must get close enough to the enemy to neutralize the effect of

his superiority in this respect.

Against infantry deployed as skirmishers it would be best to turn

the guns on the reserves and let the suj)ports attend to the skirmishers.

An effective skirmish line is acknowledged by all professional artillery-

men to be the most deadly enemy with which they have to contend.

At the battle of Vionville the 2ud Horse Artillery battery of the 3d

Army Corps was forced to retire before infantry skirmishers, when the

skirmishers had succeeded in approaching to within from twelve hun-

dred to fourteen hundred paces from the guns.

At the battle of Noissiville there were sixty German guns drawn up

on a tongue of land running down from Poix and Sevigny towards

Metz. The French infantry came down and before them the sixty

guns had to retire.

At the same place four Prussian batteries had taken up position on

a hill near Vionville ; the French now advanced with swarms of skirm-

ishers, reoccupied Vionville and pushed through the village against the

guns. The two batteries closest to the village, having no friendly in-

fantry near them, were forced to draw back under cover of the hill
;

but Miiller's battery—one of those which had come forward from the

infantry division and was not far off—moved up close to the village

and came into action under a heavy fire, several horses being killed

and wounded. Swarms of skirmishers again rushed out of Vionville

and the moment became critical. The guns were finally forced to re-

tire. As all these cases are taken from German sources tjiey are cer-

tainly not exaggerated.

Unless shrapnel can be exploded in exactly the right position,

against skirmishers it is no more effective than a single rifle bullet. It

can only injure one man at the most. As a single man killer the most

accurate field piece is far inferior to a rifle in the hands of a good

marksman. And when we consider that we have reliable information

that the Turkish (American) rifles at Loftcha and Plevna were eflect-

ive up to two thousand yards, we can see that even for range against

human targets at that distance the rifle is its equal. It takes longer to

load, it is harder to point, especially on a movable target and offers,

with its group of cannoneers out of shelter, a far larger target. Rifle-

men must be opposed to riflemen. It is at this point that our drag-men

armed with rifles will be of great service, firing from either between
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the pieces or on the flanks of the battery. The guns would be used

against the reserves which, in all modern tactics, are formed in col-

umns so that they can be deployed quickly. These reserves follow the

skirmish line and supports at distances varying from four hundred

to one thousand yards. In the German tactics no group formation is

allowed at distances under eight hundred yards from the enemy. The
artillerists will endeavor to demoralize the reserves by their fire, they

being the more easily affected from the mere fact that they cannot re-

turn the fire. The reserves being demoralized, the skirmish line must

halt or fall back. This is the only effective way in which artillery can

repulse an infantry attack. Infantry in marching order advances in

double time for short distances one hundred yards a minute.

Long range firing must be very deliberate in order to insure accu-

racy in pointing and to save ammunition. Not more than a shot per

minute can be fired with any accuracy. At this rate, even our maxi-

mum supply of ammunition would only last about two hours. The
largest target should always be selected. Even at twelve hundred

yards the head of a column of fours, which is less in breadth than one

of our regulation great gun targets from lower corner to lower corner,

does not offer a very good mark. It is for this reason that distant

bodies of the enemy are kept in column ; the chances of error in

range being greater than those in a horizontal direction, the nearer

approach or skirmish line is reduced to a single line, widely spaced,

which we can imagine as so many small columns one man wide and

one man deep. Even this mark is reduced nearly one half by the

man's kneeling and to almost nothing by his lying down. Skirmish-

ers are also instructed to take cover which still more decreases our

chance of hitting unless we can pierce or destroy the cover.

Let us examine the probable circumstances of landing and the act-

ual employment of the pieces on shore.

The Naval Brigade should never be landed unless it has a fair

chance of success. The consequences to a ship or squadron, if deprived

of the number of men generally landed, by defeat or capture, would be

disastrous in the extreme. When the work can be done from behind

the ship's regular battery it should always be preferred. The range

of our great guns is very long and the effect of the projectiles very

great. The threat of a bombardment or its actual fulfilment would be

far more salutary, in most cases, than the landing of, at best, a numer-

ically weak body of troops.

Where the ship's guns cannot reach, the boat guns may and we are
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still on our own element. For this reason larger guns than can be

handled as field-pieces should be provided for those boats, or gun-rafts,

that can carry them.

When we must land we must take all human precautions for our

success. The lauding should be carried on if possible under the ship's

guns. If this cannot be it should be covered by the light vessels,

seized or chartered and armed, if necessary ; and as a last recourse by

the boats and rafts carrying heavy guns. The artillery should be the

last to go ashore. The guns while in the boats are eiFective for pro-

tecting the landing and advance for some distance, annoying the ene-

my and forcing him to keep under cover, and covering an immediate

repulse. The artillery boats should be placed on the flanks in laud-

ing on a long beach, so that they can cross their fire in front of the

landing party. When landing at city wharves the artillery boats

should be collected and held some distance off from the landing, in

order that their fire may be effective against surrounding streets and

buildings and not masked by the wharves and shipping. In this lat-

ter case it would be well to push the Gatlings ahead as they could be

used in sweeping the streets leading from the lauding.

The infantry being ashore and well established, such of the guns as

are to be landed should be gotten ashore as quickly as possible. The

remaining gun-boats should be placed in such positions as would most

readily command the approaches to the landing place.

For landing in a town these boats should be stationed at the foot of

streets running parallel to those by which the advance is to be made

;

this would, in a measure, guard against flank attacks.

While we are on the subject of landing it will be well to mention

that in many cases a good cask raft, or large Rider bolsa raft, will be

found better than a boat as a gun platform, especially if a hammock
breastwork is formed around its edge. This would be particularly

useful in landing in shoal water.

As we have two cases to treat let us first take that of the town.

We may land in a town to protect or hold the whole town against

an outside enemy or merely to protect certain buildings. To protect

the town the chief of artillery, in conjunction with the commanding

officer and his staff, would select such positions, on the lines of defense,

as would make his guns most effective ; notably those commanding the

approaches, and those giving a raking or flank fire down the lines of

defense. Where a strong defense was intended it might be necessary

to land the larger boat guns and even some of the ship's battery. A
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second and even a third line should also be arranged in case of a suc-

cessful assault aud a citadel selected for fipal defense.

The guns in position should be protected by breast works or barri-

cades. In this connection it would be well to remember the great effi-

ciency of baled goods for breastworks or for advancing under fire. A
cotton bale rolled before a few men enables them to resist almost any

kind of fire. Magazines should be established near the guns. The

ranges of surrounding points should be thoroughly determined and

marked down, these points should be named and the men drilled in

pointing at them. The definite naming of points by a commanding

officer will greatly facilitate the direction of fire. Flank traverses

should be built to prevent the guns from being enfiladed.

To protect single buildings they should be treated in the same way

on a smaller scale. Pieces on the roof will be found useful in shelling

surrounding buildings which might be occupied by the enemy.

The landing made to operate in the country, is our second case.

When acting with the army, which is supposed to be without its own
artillery, the whole energy of the naval force should be devoted to

properly supplying that want. An extra number of men should be de-

tailed for the pieces and extra limbers taken if necessary so as to in-

crease the amount of ammunition. Carts must also be impressed for

this purpose if possible. A goodly number of pioneers should also be

detailed.

When acting by ourselves we must furnish as large a force of rifle-

men as possible with a proper proportion of artillery.

Once ashore and intending to move into the interior, a portion of the

artillery should be posted near the head of the column the other near

the rear. It should never take the extreme front or rear. When there

is a large force some should be stationed in the center to be in position

in case of a flank attack.

It is the role of the artillery to open a regular battle. This battle

may be engaged on any side of a column. We should therefore place

our guns so that no matter on which side the blow comes we may have

a first line and a reserve. The chief of artillery should always accom-

pany the commander in chief, as their actions must be concerted.

Should the column be attacked on the march, the artillery on the

side of the attack should go in battery as soon as possible and open

fire. The pieces in reserve should be moved to the best position that

can be found in the vicinity. These latter in position, aud having
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opened fire, the advanced pieces should be moved to them or placed in

other good positions.

Before entering woods likely to be occupied by the enemy they

must be shelled. Should the column attack the enemy, the chief of

artillery would first move out with the first line and select the position

to be occupied by his battery or batteries. These should be concen-

trated as much as possible.

In regard to position the main consideration is an extended and open

range, such that the ground can be swept at the shortest distances.

Other desirable conditions are sufficient space, a level surface, wide

command and that the position be perpendicular to the line of fire and

not too irregular in its general outline. The most favorable positions

are behind the crests of ridges or undulations which slope gently

towards the enemy ; or else in rear of low eminences, hedges and such

like. Stone walls are to be avoided except when engaged with infan-

try alone. It is not however advantageous to post guns immediately

behind cover or close to conspicuous objects as they facilitate the en-

emy's range.

Some authors claim that the guns should be on the flanks of the

line, as they then would get a better chance to get a flanking fire at

the enemy, which is always the most effective. The objection given to

this is the too great exposure of the guns to being cut off". Others

claim that the best position is in rear of the main line, on the ground

that it gives a greater latitude in selecting a position, and improves the

morale of the infantry. As good authorities are to be found for both

principles, the probability is that the artillery officer had better be

guided by circumstances and select the most commanding positions to

be found in reference to the proposed infantry movements. Care

should however be taken not to select a position which may be over-

topped or commanded by the enemy.

Advantage should be taken of irregularities in the ground to protect

the pieces and ammunition without regard to alignments or distances.

A rise of from two to two and a half feet in front of a piece sometimes

protects it entirely from the enemy's fire. The ground in front should

be clear and destitute of cover for the enemy's skirmishers. A posi-

tion just behind the crest of a ridge is excellent, as the shot which

strike the summit will bound over the battery and those which strike

below will of course not reach it. It also baffles the enemy by not

allowing him to see where his shot strike over. Care should be tak-

en in the event of an assault, that, by moving the pieces on to the
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crest, they can command the approach, or otherwise the enemy might

gain cover.

Artillery should not be placed on rocky soil in consequence of the

hard surface it affords for percussion projectiles, whose effect would be

increased by the splinters and gravel. Slippery or marshy ground, ex-

cept as a front or flank defense when on the defensive, is also to be

avoided ; also ground much cut up by ditches, fences, and other ob-

structions which would render it difficult to move the pieces. Of
course the main object will be to select a position which commands that

of the enemy and the approaches to our own.

The position having been selected, its front and flanks thoroughly

explored by a detail of riflemen from the pieces, acting as skirmishers,

which could be done, as the guns would be halted to the rear, or mov.

ing up slowly, and their absence not felt ; the commander would order

his pieces into position and, having ascertained the ranges, would at

the proper moment open a very slow fire, which he would personally

superintend, increasing or decreasing the rapidity, and changing the

target to meet the movements of the enemy.

In case of a considerable advance of our line, making the selected

position no longer the best, he would move to the front and select a new
position to which he would move his guns. The change should be

markedly for the better, however, to compensate for the loss of time

and accuracy.

In case our line is repulsed and the enemy is advancing his skirmish

line, or in case we are acting on the defensive and being attacked, he

would hold his position until the last moment if he saw any chance of

success or wished to save the infantry. The fire of the guns would be

directed at the masses of the enemy and as they deployed and reinforc-

ed the fighting line he would change to it. The riflemen of the battery

taking post on the flank or in the line, would devote themselves to pick-

ing off the enemy and protecting the cannoneei'S. Should the enemy
assault the battery, canister and the magazines of the repeating rifles

would be called into play.

In case a general retreat is ordered the commander would select po-

sitions, to the rear, to which he would move his pieces by detachments,

holding the ground as long as possible.

In case of the inevitable capture of the pieces, they should be des-

troyed or at least temporarily injured. This is easily done with the

breech loader by removing the plug. The carriages should also be dis-

mounted and otherwise injured, the important smaller parts being car-
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ried off, and the ammunition destroyed. This is done in order to prevent

the enemy from turning the guns on our own men.

In order to carry out all the movements required by a battery in the

field at the present day but few manoeuvres are required. Pieces must

never be engaged at close quarters except as a last resort. The great-

est attention should be paid to marksmanship and handling of the

pieces. How many boat guns are now landed in our service for drill,

and sometimes even for actual service, which the crews have never fired

nor even seen fired ! Would a well drilled or even an indifferent man-

of-war's crew be much appalled by the approach of a vessel manned and

otficered by even the most intelligent landsmen if they had not been

drilled? And yet we expect to go ashore and without study or drill

transform ourselves into soldiers. Soldiers we must be, when we go

ashore, in order to be anything more than an armed mob. This is a

matter that must be taken in hand by the highest authorities, and not

left to the volition or intelligence of commanding and executive offi-

cers. England, France and the other first class naval powers have come

to this decision ; so must we. Much harm is done by some of us in

confining our shore drills to mere empty show. This should be rigidly

forbidden and an intelligent organization prescribed, simple movements

taught, the greatest stress being laid on modern fighting movements

and skirmishing. Marksmanship is of course of the greatest possible

importance, and should be required and encouraged in all. This point

is alike important to the bluejacket whether acting as sailor or soldier.

In order to encourage this feature, the dead letter regulation in regard

to the giving of prizes, should be rigidly enforced. Let us take for a

principle that " What is worth doing at all is worth doing well."



Coramd'r Mahan. The lecturer proposes to arm the dragmen with
rifles, preferably magazine guns, also to have them carry a passing box with
two pounds of powder, small arm ammunition and an intrenching tool. In
addition to these (here are things which he has not mentioned, but which
we all know must be carried, such as provisions, an overcoat, blanket &c.
Now the dragmen are required, as the lecturer himself says, to do the work
of horses ; if we load down horses, they cannot do other work as well ; so
by loading the dragmen with rifles &c., &c., we absorb work and lose in
efficiency where it is principally needed. As to the use of rifles on the field,

if cover for the ammunition is sought at some distance, the dragmen will
be needed to pass ammunition. Granting, however, which is doubtful, that
there is in action nothing for these men to do, it would, no doubt, for that
moment be satisfactory to have rifles in their hands; but the question still

remains, whether as the rifles have to be carried to the field you have not
sacrificed in drag power more than you have gained in the use of rifles, as,

in any event you have other infantry on which to call. I confess to tliinking
that you have. Whatever the decision, the point must be kept clearly in
mind in forming it, that you cannot both have your rifles, and not injure
your drag power. You cannot both keep your cake and eat it. I think we
all tend to fall into the error of loading men too much in our anxiety to
leave nothing behind; and it should not be forgotten that our men always
come to this kind of work without use or training to bear it, a fact which
vastly affects the question of endurance. Such service ashore is but an in-
cident in tlieir life for which no adequate training can be given in the ser-
vice. Tiie lecturer affirms that the advocates of smooth bore field pieces
for the Navy, give no clear reason for their preference. My own reason, be
it good or bad, is this:—that our seamen are not expected to act against
well equipped, highly trained troops, but rather against irregulars, gener-
ally in small bodies and at short ranges. For these purposes 1 believe our
smooth bores to have the merits of greater simplicity and greater rapidity
of fire.

Lieut. SoLEY. I am quite with the lecturer in what he says about drills.

Unquestionably the most important drills are those which relate to the fight-
ing efficiency of our men, and no drill should be omitted which can lead to
such an effect. The practice, so much in vogue, of confining our infantry
drills on board ship to the useless performance of ceVemonies. instead of
to the fighting instruction, cannot be too strongly deprecated. But particu-
larly with the boat guns should the men be taught to shoot, and to hit a
mark, whether it be from the deck of a ship, from a boat, or on shore. The
men are (ialled away to " arm and equip the boats " at least once a week in
the majority of our ships, but how often are they sent away in the boats to
fire at a target and to obtain tlie necessary familiarity with the service of the
piece? The first thing to teach them is to use their own weapons, and when
they are perfect at that, it will be time to talk about dress parades.
The necessity of having a perfect system of organization cannot be urged

too strongly. It was this objection to thorough system and to hard and last
rules, which the gallant lecturer so strongly condemns, which led to the
humiliating disasters at Formosa and at Fort Fisher, where the Navy had
every opportunity to crown itself with laurels, but where it was ingloriously
defeated, brave men's lives wasted, and treasure thrown away for the want
of system in organization : and, at the risk of being thought French-ified,
or of copying too closely the old world models, I would urge the adoption
of a system which left very little to individual thought, and was rigidly en-
forced and scrupulously adhered to.

Next with regard to the number of pieces to be landed. It is quite
true that in the Army, the proportion of two or at most four pieces to one
thousand men is generally foUovyed, but it must be considered how different
are the circumstances under which they are called upon to operate. In the
land forces the artillery moves with the army great distances and large
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ammunition trains are required and used. In the Navy we land our guns
for a service whicli on the average will not exceed two or tliree days, and
we rarely attempt to operate far from our base. For a long march into
the interior, or for any other special circumstances, we should have to
modify our arrangements. As tlie lecturer says, one good repeater in the
hands of an expert marksman would be very valuable, but we have not
yet in the Navy either tlie repeater or tlie marksman, and if we had them
they would be of very little use in searching a wood or in clearing a beach
covered with underbrush. It is on the number of guns that we depend for
cover in the tirst moments of landing, and the difficulty about the ammuni-
tion is readily met by carrying reserve ammunition in the boat which
carries tlie gun, with special men detailed to bring it up. Under the or-
dinary circumstances of emjjloying guns on shore, 1 do not tliink they are
disproportionate to the intautry, and with regard to the landing of the
Naval Brigade at Key West, not the least important feature was the ease
and celerity with which the Artillery Battalion of eighteen pieces was
handled by Comdr. Evans over a difficult and comparatively unknown
country.
The question of the number of men needed for the service of the piece

and their equipment is an important one, and here I differ entirely from the
views advanced by the lecturer. Undoubtedly twenty men are required for
each gun but they must all be for the service of the gun. The gun is the
weapon for the whole gun detachment and they shoukl have no other. Let
them carry each man as much ammunition for the gun as possible ; but be-
yond that they must be unhampered and free to devote all their strength
to moving the piece. Eight cannoneers will not be sutHcient, but the whole
twenty will be needed to move the gun at a moment's warning. The salety
of the cannoneers fr(;m infantry attack cannot be ensured by having a few
ritlemen in rear of the piece who are to be sent to one part of the held as
infantry at one moment, and the next moment are required at their gun
when it must be moved unexpectedly for any reason. The guns must al-

ways have an infantry support but let it be an infantry support and not the
motive power of the gun. We never hear of the horses of a battery being
taken very far away when the guns go into action; so we must be always
ready to move our guns and as their usefulness depends in a measure on
the celerity with wnich they are moved, let the men be kept at the guns.
Again, if we encumber the men with a repeating ritie, which is heavy,
wiih sixty rounds of small arm ammunition, and in addition an intrenching
tool, haversack, blanket, and a passing box with one or two charges, they
will rather need to be carried themselves, and will be of no use either as
infantrymen or as dragmen. I confess I was once an advocate of the plan
of armmg a part of the howitzer crew with rifles, but I am satisfied that
although it may work well on the drill ground, it would never do for act-
ual warfare. With regard to the limber, I think we are better^witliout it.

It is cumbersome on board ship, and in the boats, and there are other
ways of transporting ammunition.
The question of permanent supports is of more importance with the

army than with us. In the Naval Brigade the guns cannot move any
faster than the infantry, and are not likely to be separated from them : they
always work with the infantry and should be kept on the lighting
line in all deployed movements but their movements and all their arrange-
ments are so intimately connected with the infantry that they are never
likely to be without support. The lecturer has quoted from Major Hofl-
bauer very extensively. Let me read a few of Hoftljauer's maxims, which
he has overlooked antl which are applicable to the movements of our artil-

lery equally with any other of his deductions.
"Reasons why the artillery should advance to short ranges. (1). The

more open formation of the infantry attack. Moral effect. Advancing in-
fantry derives new inspiration when the guns pass close by in eager advance,
and their opening tire is heard.
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(2) The advantage of being near at hand, to support the attack if checked,
or to prepare the way for renewed eiforts.

(3) Tlie great advantage of close connexion with the infantry so that
the artillery can cooperate at the right moment.

(4) Tiie decreased liability of being masked by advancing infantry.

(5) The possibility of artillery accompanied by infantry advancing un-
der a musketry lire at a range of a thousand paces and less."

I think the lecturer errs in attempting to make the artillery of the Naval
Brigade too dependent on rules governing the use of horse artillery in an
army. Our artillery is more nearly allied to the infantry and is infantry but
with a different arm. Therefore I think the drill of our Naval Brigade
artillery should be as simple as possible and conform as much as possible

to that of the infantry. The piece should always be ready to move, and all

changes from one order to another should be made as quickly as possible.

Again he is disposed to consider the employment of very large bo'dies,

wliereas such occasions are very exceptional : generally the naval Brigade
will consist of the men that can be spared fi'om three or four ships at the
most.

In comparing the smooth-bores with the breech loading rifles, I acknowl-
edge that I am one of those who stick to the smooth-bores for our purposes
for the present: in rapidity of fire, in charge of canister and shrapnel,
they are superior; in range they are inferior; and circumstances must de-
cide which will be the most useful : I myself lean to the idea that we must
take the majority of smooth-bores with some rifles, but my experience with
the tlu-ee inch B. J^. rifles thus far has not been such as to make me desir-

ous of trusting to the breech loaders in a ci'itical moment.
In considering the possibility of employing guns in case of landing to

take possession of a town, I think it would be dangerous to land as the lect-

urer suggests. I should prefer to land in the open country near the town
and make for the most commanding position from thence. He speaks of
sending heavy guns on rafts &c. I believe there are no heavier boat guns
in actual use now than the heavy 12 and even if there were they would be
of very little assistance mounte<l on rafts as their means of propulsion
would be so indifferent: but when he comes to landing the heavy guns of
the broadside batteries of the ships we get almost beyond the scope of the
lecture and might as well make requisition for a fortress and an army to
g:irrison it.

For the other case of landing in the country, he supposes that we are to
operate with an army which has no artillery. In this extraordinary case
we are very properly to devote our energies to sending a tlioroughly equip-
ped body of artillerymen. There is only a certain number of guns sup-
plied, and there are plenty of men to go along as infantry, and in this case I
think he had better take along a few companies of bluejackets as infantry
to act as permanent supports.
When tliCi Naval Brigade pure and simple is landed I have already said

that the number of guns furnished to the ships will not be too many for a
simple descent on a coast. For operations to last several days and to take
men away from their base the number must be decreased to suit circum-
stances: and in action I think the guns should be massed as much as pos-
ible and kept up with the fighting line.

With us simplicity of drill is the first necessity. In the army the artil-

lery is an arm of the service, and the men attached to it spend their lives
in perf(>cting themselves and those under them in the use of their weapons.
In the Navy, it is an occasional exercise, a service still more occasional

:

but tiie fact that the service is occasional should be no argument justifying
the neglect of the rules for handling the pieces or for maneuvering them in
numbers. Therefore we require a system of instruction and drill which
siiall be so simple tliat its principles may, be covered by a few broad rules,
easily acquired and easily retained.
One word more. Tiie lecturer wishes to turn us into soldiers because we
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are going to operate on shore. I do not think we should ever forget that

we ai-e sailors. The name of sailor is almost our birth right and we should
yield it on no occasion. Let us rather sliow that we are saihn-s ready
and willing to perform any duty, particularly if tliat duty be to tight. Let
us teach our men to handle properly every weapon which is given them,
let us teach them to move together with order and celerity, and if after that

we can combine some of the tliorongh instruction given to the soUlier with
the ready, alert quick minded and ^quick limbed activity of the sailor we
shall have an ideal fighting man whether for sea or for shore. Let us have
thorough organization, thorough equipment and thorough discipline but
let our^teaching and drill be that of sailors to sailors.

Lieut.-Comilr. Bkown. I ihink that the lecturer is disposed to have too

large views on the subject, as he considers the handling and disposition of
muc^ larger bodies of men than we are ever likely to use. On his own
allowance of four guns to a thousand men. if we had the whole fleet from
which to draw a landing party (allowing 25 per cent to remain on board)
we .should not have more than twenty-four guns : and as any expedition
upon which we are likely to engage would not be apt to land more than
one thousand, or at the most tifteen-hundred men, the number of guns
would not exceed six : added to this is the fii-ct that we do not expect to go
far from our base under any circumstances, and therefore I think it is quite

unnecessary to go into the domain of what I venture to call grand tactics.

With regard to the kind of gun that we want for this service, I am of the

opinion that considering the great care with which the rifle must be hand-
led lest its mechanism become disarranged, our old smooth bore, which can
be hastily landed without any special care as to whether it gets into tiie

Avater or not, has a decided advantage. Another important point to us is

that it requires less training for the men, and with the numerous other
drills to which it is necessary to attend, we are not likely to be able to make
our men skilled field artillerists.

IJeut.-Comdr. Folgek. AVhile I otherwise concur in the remarks
which the paper h.as drawn forth, I must make a plea for our steel rifled

boat gun as compared with the smooth bore. The former is capable of
doing all the work of the latter and much more. It has greater range,
greater accuracy, an immensely increased facility of manipulation in the
bows of a boat, and its shell furnishes greater breaching powers with a
larger number of pieces on explosion, and, weight for weight, its shrap-
nel a larger number of bullets.

It maj' be argued that the liability to injury through sand in the threads
of the breech screw would militate against its use for naval purposes, but
the parts are very accessible, and the most ordinary precaution will elimi-

nate the dilficulty. Its manipulation is certainly simple enough, rather
more so, in fact, than with those in use in several foreign services, and our
people are at least equally intelligent.

If it is desired to disembark in a hurry, the gun maybe thrown over board
with as little liability to damage as with the smooth-bore, if the breech-
screw be first removed. With perhaps the solitary exception of its fitness

for street fighting, for work against mobs and mob defenses, I think I

should prefer the rifled gun.
Lieut. Kennedy. I do not think it fair to settle the question of rifled

and smooth bore guns by reference only to the 3-in breech loader. It is

true that the latter may be delicate and complicated but there is no reason
why a muzzle loading rifle should not be used that would be as simple as a
smooth bore, and which could be as I'oughly liandled. With such a gun
you could use any ammunition that you could with a smooth bore and it

would be just as efi'ective at close qxiarters, while at the same time you
would have a gun that could be used for accurate tiring at long ranges. I

see no reason why the efi'ectiveness of the smooth bore at close quarters
and the accuracy of the rifle at long range should not be combined in the

same weapon. Kegarding the equipment of the dragmen, as the lecturer
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says, we do not go ashore unless we are pretty certain of beinc snccessfnl

aiid generally do not expect to move far from our base. Tn snc-h eases we
can afford to give tlie men some extra weight, if. by so doing, we add great-

ly to their efficiency and ability to protectthe guns. When an expedition

is sent out with the intention of moving long distances, we must omit
something from the weight the men have to carry, and as the supply of
ammunition for our gun is the first requisite of course the rifles must be
left behind.
Comdr. Maiian. With both muzzle and breech loading rifles, the system

of giving i-otation used by us, renders the time fuze very uncertain and I

doubt a percussion fuze giving as good results with shrapnel, the principal

kind of projectile, as a well timed time fuze. No one (lisputes the supe-

rior range and accuracy of the rifled piece. Whnt is disputed is that our
seamen, unless when attached to land troops, Avill be pitted against an
army; will enter, so to say, on a regular campaign, or do more thfin go
ashore for short periods, to meet forces not superior to themselves as sol-

diers, and inferior to them in morale and dash. In such cases the smooth
bore is believed to have range and power sufficient, and to be at once
simpler and more rapid in use.

Lieut.-Comdr. Folgek. The Franco-German war illustrated very thor-

oughly the destructive effects of Shrapnel. It is true the Germans used
the percussion shell a great deal at all ranges but they were also supplied

with a time fuze. We ourselves are not unproviiled. An elaborate series

of experiments at the Washington Navy Yard in 1877-78 furnished very
successful results from a device of Dr. Woodbridire.
Lieut.-Comdr. Brown. I am perfectly willing to acknowledge the

superior efficiency of rifled guns for use on board siiip, but I do not think
that we can afford to give up our smooth-boi-e boat guns. In speaking of the

liability of the rifle to get out of order I referred not to some possilile muz-
zle loader that Ave may have in the future, but to the breech loader which
we now possess.

Lieut.-Comdr. Folger. I think T need merely mention the respec-

tive effective ranges of eighteen hundred yards and forty-tive hundred yards
and ask the gentleman to compare the relative amount of harm which
could be inflicted upon an enemy, in an expedition, let us say, up one of
those rivers in China which flow through miles of flat, low land with an ac-

cessible village at every bend of the stream.
Lieut.-Comdr. Bhown. This would be an exceptional case and hard-

ly in the line of field artillery; under ordinary circumstances we do not
need to use boat guns at a range of four thousand yards.

Lieut. Mason. It is not always possible to gather the full meaning of
arguments from merely hearing them read. Most of the questions that

have been raised this evening were foreseen by me and I attempted to an-
swer them. I have been much pleased to find that so few flaws have been
detected, especially by so intelligent a body of my brother officers. The two
principal points of difference are, as they naturally would be, the armament
of the iniiividu.al and the battery. Even the opponents of the system of
arming a part of the crew with rifles, grant the advantage that would be de-
rived from them in the decisive moments of a brittle. The battle is what we
most desire to be prepared for. On the march we may use as many of our
infantry as we desire to lend abandon our drags, but in action with the
limited number of men we would have, we Avillneed every infantry man
for his legitimate duty and not to entrench and protect our guns. Two of
the gallant officers have so well sustained the merits of the breech loader
that I can only say in addition in reiinrd to the fuzes, it is my experience
that the Rorman fuze used with our smootli-bores is quite as unrelialile as
those used with our rifles. The Chief of Ordnance some little time since
endorsed on a report of a fuze for the base of a shell the following:
"The Chief of Bureau is of the opinion that there is no necessity for a fuze

in the base of the shell. So long as we use the expanding system, the pro-
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portion offailures to ignite the fuze is not greater in the rifle than in the

smooth-bore shell ; nor as far as a limited series of fires by tlie army would
sliow, tlian with a rear fuze."
In regard to seamen not being able to endm'e the fatigues of soldiers,

I wou"M say that wherever in our own service, or in that of other countries,
they have been pitted against each otlier the sailors, from their g<nieral

active outdoor life, have been found fully equal to the soldiers. This was
notably the case in the late Ashantee expedition. _ I have it on the best
authority that repeaters are to be furnished immediately to at least one of
our ships.

It is not proposed to limit the number of boat-guns, which would cover
the landing but only those to be used as light-artillery. On the contrary as
large a number as possible is advocated*.
Circumstances, which must always alter cases, might require us to land

outside of the town, in which ease it would be treated as such a ease. The
weakest point in or out of the town would of course be the one selected.

Wlien I spoke of using the guns on rafts in preference, on some occasions,
to boats, I had in view the new Gondola raft which has just been introduced
as part of the equipment of every vessel and which is I think unknown to

my gallant friend or he would perceive the advantages under certain cir-

cumstances, to be derived fi'om being able to mount the gun on a platform
sixteen by ten which could be surrounded with a hammock breastwork
and towed, pushed or rowed into vei-y siiallow water. In tlie •' Manuel du
Cannonier" a contrivance, for a similar purpose, made of casks is advo-
cated. The landing of the ship's great-guns would only take place under
special circumstances and does not, properly, come under the head of my
subject but if not taken into it, it would hardly find a place in any otlier.

That our great guns have been landed, and with effect too, officers who
served at Vera Cruz, Mobile or Morris' Island can fully prove.

In regard to the position of artillery in the field I know that practically
the officer who argued that point agrees with me. He looked at it, how-
ever, through the eyes of one who wishes to subordinate artillery to his own
adopted branch. Short range for artillery is not short range for infentry.
In speaking of pushing up the artillery into the fighting line, he cannot
mean to put it in the advanced line of skirmishers, especially masked. In
such a position he would certainly need all his crew at hand as cannoneers
and probably before long would have used up all his infantry for the same
pui-pose.

I do not desire to make a soldier out of a sailor, although literally we are
all soldiers. Soldier being derived from solde, pay, soldier, one who re-
ceives pay. I want the sailor to act as a soldier, never forgetting that he
is a sailor and applying at all times that feeling of personal responsibility
and that individual intelligence which his daily life fostei'S.

No extra limber is advocated. It is proposed to use the carriages of the
guns left in the boats or aboard ship for that purpose. It might be danger-
ous and inconvenient in regard to the supply of ammunition to have a mixed
battery of guns. Uniform system and caliber are to be advocated, which-
ever is chosen. If they are to be breech loading rifles let all be such. If
they are to be smooth bore 12 pounders let all be' the same.

It was not my intention to have nor do, I think that I have, touched upon
the subject of " Qrand Tactics.'''' I have trietl to be guided in my concep-
tion of what might happen by what has already happened. I have not ci-

ted a single case where a parallel cannot be found in naval history. In
conclusion I would thank you for the interest which you have taken in the
sulyect of the lecture, and I hope, for one, that one of our gallant mem-
bers may be induced to give us his ideas in regard to the employment of
the Naval Brigade.
The Chairman.—I agree with what has been already said about the

equipment of howitzer-crews. In actual service in the field, I found that
men could only carry a blanket and one round for the piece ; I therefore
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took away from them all arms, as I considered one round for the howitzer
more valuable than the rifle a man can carry without it. Besides, artil-

lerj'-men should be taught to rely solely upon their pieces for defence, and
I should fear their leaving them and taking to their rfles, when hard
pressed, if supplied with them.
The crew, as it is, is not too lai-ge for the service of the piece in action

and to move it to the front and rear " by hand" on smooth ground. In

sandy, or muddy soil, it will be found necessary to move it by the " drag"

even over very short distances.

Many of the arguments brought forward by the lecturer are familiar to

me, but they were intended to apply to horse-artillery, not to the light

howitzer of the Naval Brigade, which can easily maintain, or i-etreat from
its place with the infantry on the fighting line. At the battle of Bull Run,
the 71st New York Regiment carried two of our Dahlgren heavy smooth-
bores into action, and they were the only guns brought off the field. All

the hoi'se-artillery fell into the enemy's hands.
The vexed question of rifles versus smooth-bores for the field admits of

much argument. It seems to me that a battery should be composed of one-

third rifles to two-thirds smooth-bores, as the latter, in my judgment, will

do most execution at short range, and in a decisive battle, men get pretty

near each other by the time victory or defeat hangs in the balance.

One thing is clear to me, that no arm which will not stand rough hand-
ling by rough men is good for anything in time of war. I scout the idea

that sailors become soldiers in battles on shore. I say it is the province of

the sailor to learn to handle small arms intelligently and that he has no
superior as an artillerist, afloat or ashore. Tlie marines who assist Jack in

swinging the main-yard do not become sailors thereby.

I will not say more now as the discussion has been quite full, but I am
sure that all will concur with me in tendering thanks to the lecturer for the

interesting paper which we have heard.



THE RECORD
OF THE

UisriTED States Nayal Ii^stitute.

NAVY DEPARTMENT, WASHINGTON,
March 27, 1879.

The President, Rear-Admiral John Rodgers, in the Chair.

REVOLVING STORMS, OR HOW THE WINDS BLOW
WITHIN THE STORM DISK.

By Lieutenant Commander Thomas Nelson, U. S. N.

Mr. President and Gentlemen :

—

Not very many years ago, probably quite within the recollection of

ERRATA.
Page 234, line 1 from top, for hav- read having

236, "
19

247, " 16

247, " 24

253, "
3

258, "
8

Thorn read Thorn.
" outside read outward,

port-side read port side,

bottom, for 29.19 read 27.19.

Lew read Leu.

Later, however, several other scientists nave lai^tsu up mo cli.u.jv.v.„ ^.

storms and by various methods of investigation have arrived at differ-

ent conclusions. Some of them have gone so far as to say that the

circular theory is all wrong, and the rules for navigation based upon

it are worse than useless, and the question to-day is : How the winds
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took away from them all arms, as I considered one round for the howitzer
more valuable than the rifle a man can carry without it. Besides, artil-

lery-men should be taught to rely solely upon their pieces for defence, and
I should fear their leaving them and taking to their rfles, when hard
pressed, if supplied with them.
The crew, as it is, is not too large for the service of the piece in action

and to move it to the front and rear " by hand" on smooth ground. In
sandy, or muddy soil, it will be found necessary to move it by the " drag"
even over very short distances.

Many of the arguments brought forward by the lecturer are familiar to

me, but they Avere intended to apply to horse-artillery, not to the light

howitzer of the Naval Brigade, which can easily maintain, or retreat from
its place with the infantry on the lighting line. At the battle of Bull Run,
the 71st New York Regiment carried two of our Dahlgren lieavy smooth-
bores into action, and they were the only guns brought off tlie field. All
the horse-artillery fell into tlie enemy's hands.
The vexed question of rifles versus smooth-bores for the field admits of

much argument. It seems to me that a battery should be composed of one-
third rifles to two-thirds smooth-bores, as the latter, in my judgment, will
do most execution at short range, and in a decisive battle, men get pretty
near each other by the time victory or defeat hangs in the balance.
One thing is clear to me, that no arm which will not stand rough hand-

ling by rough men is good for anything in time of war. I scout tlie idea
that sailors become soldiers in battles on shore. I say it is the province of
the sailor to learn to handle small arms intelligently and that he has no
superior as an artillerist, afloat or ashore. The marines who assist Jack in
swinging the main-yard do not become sailors thereby.
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Mr. President and Gentlemen :

—

Not very many years ago, probably quite within the recollection of

some of the old officers of the navy, the great ocean storms were very

imperfectly understood and marine disasters were frequent and terri-

ble. The attention of several scientific men was attracted to the sub-

ject and eventually Mr. William Redfield of New York discovered

after long and careful investigation into the matter, that the winds in

these storms blew in circles round a center of low pressure, and that

the great number of marine disasters wei'e mainly due to ignorance of

this fact.

Certain rules for the management of ships in a storm were published

and proved a great blessing to seamen, who, by observing these, were

enabled to escape the dangerous part of it, either by running away

from the center, or by heaving to in time on the proper tack and let-

ting it pass.

Later, however, several other scientists have taken up the subject of

storms and by various methods of investigation have arrived at differ-

ent conclusions. Some of them have gone so far as to say that the

circular theory is all wrong, and the rules for navigation based upon

it are worse than useless, and the question to-day is : How the winds

blow within the stormdisk?

It is with this question that I propose to deal this evening, and in

doing so will endeavor to confine myself to facts from which every one

may draw his own conclusions and judge of the correctness of mine-
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By way of introduction I will touch briefly upon the history and prog-

ress of this, to seamen, all-important subject, and mention only a few of

the principal cases that were published in the newspapers and scientific

journals of the time, and which doubtless served to call the attention

of scientific men to the matter, as also to arouse the spirit of investiga-

tion and a desire to clear up the mystery which enveloped the entire

subject at that time, by comparing and generalizing observed facts, as

reported from time to time by men who had the good fortune to escape

with their lives from the terrible storm center, and to come back and

tell the tale of the fearful things they had seen.

The first authentic iaformation relating to circular storms (which,

for the sake of brevity I will call cyclones) was published in England

(Philosphical Transactions, October, 1698) in a paper on the West

India hurricanes by Captain Langford, who speaks of the storms as

whirl-winds, describes the veez'ing of the wind, and the progressive

movement of the whole storm.

The Spanish navigator, Don Juan d'Ulloa, during a cruise on the Pa-

cific coast of South America in the year 1743 experienced several

storms in which the wind changed from north to west,* (which would

occur in the northeast quadrant of a cyclone in the southern hemis-

phere traveling southward and eastward).

A French writer named Romme, in a work entitled " Tableaux des

vents, des marges et des courans" published in 1806, describes storms

in the China Sea near the gulf of Tonkin, which he distinctly calls

whirlwinds, and applies the same name to other storms experienced in

the Mozambique channel, and again others in the gulf of Mexico.

Professor Farrar, of the Cambridge University, Mass., in describing

a storm that passed over Boston on 23d September, 1815, (the account

of which was published in the American Philosophical Transactions

1819) says, that he could not determine the place of the center or the

limits of this storm, but noticed the veering of the wind, and the fact,

that it veered in opposite directions at Boston and New York at the

same time.

Before this, in 1801, Colonel James Capper published a work entitled

"Observations on the winds and monsoons," in which he speaks of

great whirlwinds on the Coromandel coast, the centers of which pass

generally, near Madras or Pulicat, and whose diameter, he says, cannot

exceed one hundred and twenty miles.

* Piddington page 82 and Dove's Law of Storms, page 108.
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The above would seem to indicate that both Romme and Capper had

noticed the rotary motion of the wind in storms ; but it also appears

that they considtred these storms merely local, and they had evidently

not conceived the idea that the great ocean storms might be governed

by the same laws.

In the year 1831, Mr. Wm. Redfield, an American philosopher, pub-

lished in the American Journal of Science, a paper, in which he demon-

strated not only that the storms on the American coast were whirlwinds,

but also that they had a progressive or forward movement, travelling

on curved tracks at a considerable rate, and were traceable from the

West Indies, along the coast of the United States, curving off to the

eastward at some point between the Bermudas and the banks of New-

foundland.

While Mr. Redfield was employed collecting the data from which he

eventually deduced his law of storms, a similar investigation was going

on in Germany. A number of gales had attracted the attention of Ger-

man meteorologists, chiefly on account of the oscillations and great fall

of the barometer, before and during these gales. On Christmas eve,

1821, the barometer sank so low that many people believed their ba-

rometers were out of order, and others, who were not mistaken as to the

cause, expected a great catastrophe.

Professor Brandes, a German meteorologist, who had kept a record of

observations for a length of time, obtained the registers kept at various

places during the same time, and eventually advanced a theory, that

the winds, during these great storms, blew from all points of the com-

pass in straight lines toward a central space where the barometer was

for the time at its lowest stand.

The theory of Mr. Brandes was disputed by professor Dove of Berlin,

who subjected the observations to a new examination, and made it ap-

pear that an explanation of all the phenomena was aflbr^ed by the as-

sumption of one or more circular currents or whirlwinds of great di-

ameters, advancing from S.W. to N.E. A full account of this is found

on page 162, Dove's Law of Storms, 2nd. Edition 1862.

Professor Dove's theory, although under discussion about the same

time that Mr. Redfield by an independent course of investigation ar-

rived at the results above mentioned, was not known in the United

States when the latter gentleman published his paper in the American

Journal of Science, and an eminent English philosopher, named Sir

David Brewster, is accredited with saying in connection with Redfield's

discovery :
" The theory of rotary storms was first suggested by Colonel
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Capper, but we must claim for Mr, Redfield the greater honor of hav-

fully iuvestigated the subject, aud apparently established the theory

upon an impregnable basis. Mr. Redfield had no knowledge of Col.

Capper's discovery, when he published his own in 1831." *

In the year 1838, Lieutenant Colonel Reid, of the royal engineers,

published a valuable work entitled " Reid on the law of Storms," in

which he agreed in all particulars with the views of Redfield, and veri-

fied by personal observation all his theory ; adding many substantial

proofs to the same by investigations of some of the West India hurri-

canes, and of some in the soutliern Indian Ocean.

Colonel Reid by his observations of storms in this latter sea further

proves Mr, Redfield's theory, that, the storms in the southern hemis-

phere revolve in a contrary direction, to those in the northern hemis-

phere. Colonel Reid embodied in his work many useful rules for ma-

noeuvring in a revolving storm, and tlius may be said to have reduced

the science from a mere speculative theory to a )»ractical law; and the

recorded experience of hundreds of able and observing men who have

carefully and intelligently noted and studied the course and gradual

veering of the wind within the limits of the storm disk goes to prove,

that correct conclusions have been arrived at in this respect, and that

in every part of the world wliere these storms have been met with, the

winds rotate in concentric circles, with greater or less velocity accord-

ing to the distance from the center ; from right to left in the northern

hemisphere, and from left to right in the southern hemisphere ; but

these principles are so well known that it is unnecessary here to dwell

upon them.

With respect, however, to the cause or origin of cyclones we are still

comparatively in the dark, and as it is not my purpose to introduce any

new theory, nor even to criticize existing ones, except so far as tiiey

may conflict ^ith my own views, I shall confine myself to a brief re-

cital of the opinions of a few geutlemen who appear to have given the

subject careful consideration, and spent much time and labor in tlie

prosecution of their investigations ; and whom, I would add, though

time shall prove all their theories wrong, are nevertheless entitled to

the gratitude of all the world, and particularly to the love and reverence

of " those who go down to the sea in ships."

Mr. Redfield ajipears to iiave had no particular theory as to the

causes of cyclones ; he thought it would be unscientific to attempt to

account for them, until better informed, by the exclusive action of any

* Reid on the Law of Storms, page 2. Third edition. 1850.
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one or more causes. Later, however, he inclines to think them pro-

duced by the conflicts of prevailing currents in the different strata of

the atmosphere giving rise to circular movements, which increase and

dilate to storms.

Colonel Reid avoids any general speculation as to the causes of cy-

clones. He adverts to the possibility of there being some connection

between storms and electricity and magnetism, and concludes with an

account of an experiment with a ten inch hollow shot, which he thinks,

partly confirms his views."^

Professor Dove accounts for cyclones, by currents of air near the

equator being from any cause set in motion toward the poles and com-

ing in contact with other currents moving in a different direction.f

Mr. Piddington, the author of the Sailor's Horn-book, in the 3d edi-

tion of that work, (1860) pp. 324, 325 and following pages, gives it as

his opinion that cyclones are purely electrical phenomena formed in

the higher regions of the atmosphere, and descending in a flattened

disk-like shape to the surface of the ocean, where they progress more

or less rapidly, according to circumstances. He thinks that whirlwinds,

dust-storms and water spouts are the same meteor in a concentrated

form, but cannot say where the law which regulates the motions of the

larger kinds ceases to be an invariable one.

The views of Sir John Herschel on the causes of cyclones, says Mr.

Piddington, (Sailor's Hornbook, page 21) may be briefly stated as fol-

lows :

" It seems worth inquiry whether hurricanes in tropical climates

may not arise from portions of the upper currents prematurely diverted

downwards before their relative velocity has been sufficiently reduced

by friction on, and gradually mixing with, the lower strata ; and so

daslung upon the earth with that tremendous velocity, which gives

them their destructive character, and of which hardly any rational ac-

count has yet been given. Their course, generally speaking, is in op-

position to the regular trade winds, as it ought to be in conformity with

this idea." He then goes on to say that it does not follow that this

must always be the case, for, "in general, a rapid transfer, either way
in latitude, of any mass of air which local or temporary causes might

carry above the immediate reach of the friction of the earth's surface,

would give a fearful exaggeration to its velocity. Wherever such a

mass should strike the earth a hurricane might arise, and should two

* Reid on the Law of Storms. 3d. edition, 1850—page 490.

t
" Dove's Law of Storms." 2nd edition, 1862—page 182.
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such masses encounter in mid-air, a tornado of any degree of intensity

on record might easily result from their combination."

Sir John Herschel also alludes to the possibility of the meeting of

two atmospheric undulations or barometric waves travelling in differ-

ent directions, producing a storm and giving a rotary motion to the

wind.

Professor Espy, an American philosopher, in his fourth meteorolgoical

report, 1857, page 11, gives as one of the causes of storms the follow-

.

ing : upon any partial heating of the air at the surface of the earth it

rises in columns more or less charged with vapor, which as they rise

have their vapor condensed into clouds or rain. Next in this chang-

ing of state the vapor communicates its latent caloric to the surround-

ing air, which also expands, is cooled itself by that expansion, but also

gives heat to that part of the air in which it is tlien, and becoming

lighter is carried farther up. In short Mr. Espy considers the center

of a storm the base of a huge moving chimney circular or of any longi-

tudinal shape, the draught of which is occasioned by an extensive con-

densation of vapor above.

Dr. Alexander Thorn, in a work on storms in the Indian ocean,

south of the equator, gives it as his opiniou that circular motion is

given to the winds in a storm area by the contact in meeting ou the

borders of the monsoons and trade winds of opposing currents of air,

difiering in temperature, humidity, specific gravity and electricity.

These he thinks give rise to a revolving action which originates the

storm.

It is believed by some that cyclones originate at great volcanic

centers, aud Mr. Henry Piddiugton is among that number. On page

twenty-three, sailor's Hornbook, I find the following :
" If we produce

at both ends the line of the track of the Cuba cyclone of 184-4, we

shall find that it extends from the great and highly active volcano of

Cosseguina on the Pacific shore of Central America, to Plecla in Ice-

land. And in 1821, the breaking out of the great volcano of Eyatjeld

Yokul in Iceland which had been quiet since 1612, was followed all

over Europe by dreadful storms of wind, hail and rain."

A late writer, (Professor Silas Bent) in an article published in the

St. Louis Republican, Nov. 3d 1878, gives the following interesting

solution of the cyclone problem, viz :
" By the earth's rotation ou its

axis, objects on its surface between the tropics are carried from west to

east at the rate of a thousand miles per hour, whilst, as we advance

towards the poles, this rate decreases with the decrease in the circum-
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ference of the parallels of latitude, so that when we arrive at points

where the circumfereace is only twelve thousand miles instead of

twenty-four thousand as it is at the equator, this velocity of rotation

is but five hundred miles an hour, and so on, decreasing until reaching

the pole."

" Now an object set in motion towards the equator, from the polar

regions, where the velocity of the rotation is small, will constantly be

arriving at points on the earth's surface where the velocity is greater,

and, not at once acquiring this greater velocity, its direction will tend

obliquely to the westward. Hence we find those streams or currents

which flow from the pole towards the equator, always takiug a south-

westwardly direction, whenever the continents and islands will permit.

As another and perhaps more forcible illustration let us suppose that

a cannon at the pole be fired in the direction of Mount Chimborazo, on

the equator, and that the ball travels at the rate of one thousand miles

per hour. The distance from the pole to the equator being in round

numbers six thousand miles, it wouhl take the ball six hours to reach

the equator ; but, during that interval, Chimborazo has been whirled

six thousand miles to the eastward and the ball would strike the equa-

tor six thousand miles to the westward of the mountain, and in its

flight would have made a due southwest course from its point of start-

ing. The result would be the same, of course, whether the ball be

fired from the south or the north pole, and this shows why the trade

winds, which strive to take the shortest flight towards the equator, are

swept to the westward and are given their oblique direction."

" For similar reasons all ocean and atmospheric currents, flowing

from the equator towards the poles, being subject to the same physical

laws, are thrown to the eastward in both hemispheres."

" Fluids flowing freely towards a center always assume a rotary

movement, as is seen in wash basins when the plug is removed from

the waste hole."

"Now let us suppose that a disturbance in the equilibrium of the

atmosphere has taken place by which a lessened atmospheric pressure

or partial vacuum occurs a number of degrees north of the equator,

and to restore which the surrounding air is set in motion towards this

common center."

" The air nearest the equator, in moving north, will be thrown to the

eastward ; whilst that to the north of the vacuum, in floAving south,

will be thrown to the westward ; but both will at the same time be

pressed inwardly towards the vortex by the heavy mass of the atmos-
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phere without, and these two movements in opposite directions and on

opposite sides of the incipient storm will give a revolving direction

from left to right (right to left ?) to all intervening portions of the at-

mosphere to complete the gigantic whirlwind which is thus generated."

" Shift the phenomenon to the southern hemisphere, and all the

characteristics remain the same, but the rotation of the storm will, un-

der the operation of precisely the same physical causes, be in the re-

verse direction ; that is, it will be from right to left (left to right? ) or

with the hand of a watch, instead of from left to right (right to left ?)

as described in the northern hemisphere."

Before closing this part of the subject I must refer to another wri-

ter of some prominence in meteorology, Professor Wm. Blasius, whose

book entitled " Storms, their nature, classification and Laws" was pub-

lished in 1875 and shows its author to be a profound thinker and in-

defatigable investigator in search of truth. The space in this paper

does not admit of a rehearsal of his theory, but a full and exhaustive

account of it will be found in his book on storms above mentioned,

page 44 and following pages, and also Appendix A of the same book,

page 256 and following pages.

His laws governing the motion of the wind in a storm are most sin-

gular and entirely at variance with anything heretofore heard of or ex-

perienced by seamen ; and his rules for avoiding the dangerous por-

tion of a storm are very extraordinary. Thus on page two hundred

forty-three he says :
" In the temperate zone, if the cumulo-stratus, in

dicating a southeast storm is seen above the southern horizon, there is

no danger, because the storm will go south. If it appears in the north,

it will approach with the dangerous region in advance, and it is wisest

to sail by the shortest course to the outside of the track, guided by the

position of the cloud and its progressive direction. If the storm is yet

distant this may be easy. If however a vessel should find hei'self im-

mediately in front of the middle of a southeast storm, not yet fully de-

veloped, the wisest course is probably to sail straight through the re-

gion of calm into the polar current."

I presume the professor in his last remark has reference to a steamer.

With respect to the centripetal or inblowing theory, advocated and
developed by Professor Espy of Philadelphia, Mr. Blasius says (page

39) that it contains more of the germs of truth than the cyclone the-

ory, and he admits that it is true as far as it goes, but that it is in the

position of a part of the truth seeking to take the place of the whole
truth. Now if the centripetal theory is true as far as it goes, then every



239

ship scudding in a storm must run into the center, and that we know is

not true ; for there is no case on record nor is it known in the experience

of any seaman that a vessel has ever got into the center of a cyclone by

scudding, except, when she has attempted to cross the storm track when

the distance of the center and the velocity of the storm on its track ren-

dered such a thing impossible. I ought to say that there is no well au-

thenticated case on record, for there is indeed a case recorded in the

book on Storms by Professor Blasius above referred to, which may be

found on page 241 of that work, as follows: "Mr. Meldrum has pub-

lished a treatise to prove that cyclones are not circular but elliptical in

shape, formed between two opposing currents of air, and states that the

rules based on its being circular frequently carry vessels into the dan-

gerous section instead of around it. He cites the startling fact that on

February 25, 1860, forty-one vessels left the roadstead of Reunion island

with a south-easterly wind, which, according to the old law of storms,

placed the vortex to the northeast, and these vessels sailed to the north-

west to avoid it. The result demonstrated that the central vortex was

really to the N.N.W., so that they ran directly into it, and only four of

them, one a steamer, succeeded in crossing the storm path. As for the

remaining thirty-seven, only seven escaped total loss or very great injury.

In the proper place in this paper I will again refer to this case ; and

it is perhaps proper to state here also, that in a foot-note on page 241,

Professor Blasius says that he was obliged to rely for the above quota-

tion on a newspaper paragraph, having been unable to obtain Mr.

Meldrum's treatise.

Other opinions on the origin of cyclones are not wanting ; but the

object of this paper being not to deal so much with the theoretical

cause of cyclones as with the effect and the practical application of

the theory, I will close this part of the subject here, and pass to the

narration of a few facts gathered by myself from original sources.

Professor Blasius in his book on storms page 240 says :
" In the

first place it is deduced from our principles that the rotary or cyclone

theory is radically wrong, and the rules for navigators which are based

on it worse than useless." Let us examine and see how far this statement

is borne out by facts.

On the twenty-fifth of August, 1872, while attached to the U.S.S.

Idaho at anchor in the harbor of Yokohama, Japan, a cyclone passed

over that place ; and I was enabled, from my fixed and secure position

onboard the ship, to observe accurately all the phenomena of the storm,

which I did and of which I here give an abstract.
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At four P. M. the storm commenced, wind at E.S.E. force 6 to 9,

barometer 29. 28 in. thermometer 80° aud the weather overcast and

squally with rain.

At five P. M. wind still E.S.E., force from 9 to 10, barometer 29.14

in. having fallen 0.14, during the hour, heavy clouds resting on the

water, and the squalls coming with redoubled force at shorter intervals

than during the preceding hour.

At six P. M. wind E.S.E. i E., force from 9 to 11, barometer 28.94

in., having fallen 0.20, during the hour ; clouds darker and if possible

thicker, aud the rain pouring down in torrents.

At seven P. M. wind E.S.E. J E., force 11 to 12, barometer 28.50 in.,

having fallen 0.44 during the hour. Up to this time the wind had

blown in squalls, lasting from three to five minutes, which are rep-

resented by the highest figures here given to denote force of the wind

while the lower figui-es indicate the force of the steady gale ; but

during the five minutes succeeding seven P. M. the wind blew with a

steady force which I cannot describe by any language at my command

except, perhaj^s, by comparison. In which case I would say, that this ter-

rific blast bore the same relation to the highest steady force of the storm

previously experienced that an ordinary fresh gale bears to a light breeze

;

and the rain, which continued to fall in torrents, was blown by the force

of the wind into such fine particles that it assumed the appearance of a

moist vapor driven furiously before the storm, but notwithstanding it

fell so fast on the Idaho's deck that the scuppers were insufiicient to

carry it off". During this blast, an English bark at anchor in the

harbor near the Idaho, which had not at all moved during the rest of

the storm, picked up her moorings and dragged past the Idaho at the

rate of, I judged, about six knots, and had the blast lasted ten minutes

longer she must have brought up on the Kanagawa shore, but at 7.05,

P. M. the blast was over, and the wind gradually subsided, veering as

it did so to the southward, and shortly after an entire calm followed.

The barometer still kept falling, and at 7.15 P. M. it stood at 28.35

in., having fallen 0.15 in. in fifteen minutes. During the calm the

weather was fine, the rain had entirely ceased, and the sky overhead

was partially clear. At 7.30 P. M., the barometer reached its lowest

stand, 28.27 in., having fallen 0.08 in. in fifteen minutes. The calm
lasted about half an hour. At 7.45 light airs were felt from N.W. and
at 8.00 the shift came in force from W.N.W. i W. with a re-appearance

of rain and violent squalls. The barometer, in the meau time, had com-
menced to rise, standing at 8.00 P. M. at 28.32 in. At 9.00 the wind





EXPLANATION PLATE I.

Fig. I. Scale approximate : 1 inch = 40 miles.

Long akrow represents axis of Stoi-m track. Figures: 1, 2, 3, etc, en-

circled by small arrows, mark positions of storm center corresponding to

reference points on the track similarly marked.
Broken line, represents ship's track.

Sm.all circles numbered 1, 2, 3, etc. mark ship's position for each point of
reference and referred to the corresponding numbers on the storm track
show approximately bearing and distance of center, measured on the
double dotted lines.

Long arrows pointing to ship's positions on the track, indicate, the true or
actual, and the short arroivs the corresponding cyclone winds.

Dotted perpendiculars raised on the storm-track from centers 6 and 7
mark the points between which the ship passed over the apex of the el-

liptical figure of the storm-disk.
Dolled perpendicular at center, 9, marks the point at which the influence
of the land upon the wind, commenced to decrease.

Fig. 2. Scale approximate: 1 Mic/t=120 miles.
Represents right semi-circle of storm-disk.

Hulks, numbered 1, 2, 3, etc. show positions of ship in the storm-disk,
corresponding to reference points on ship's track and storm track (Fig 1)
similarly numbered and are plotted by bearing and distance from center.

Straight arrows pointing to hulks indicate true or actual direction of
winds.

,

Short cAirved arrows show the corresponding cyclone winds.
Letters above arrows show the direction, and figures in bi-ackets near
them, the force (Beaufort's scale) of the winds.
Letters and figures below an-ows, show state of barometer and thermom-
eter as observed on board ship.

Hulks (2) near the east coast of Formosa represent a ship on either tack in
a dangerous position after center passes westward of island.
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was W. by N. and barometer 28.70 in., showing a rise of 0.38 in. dur-

ing the hour; the wind at this time blew with a force of from 8 to 10.

At 10.00 P. M. the wind had veered to west and moderated to a strong

breeze ; barometer stood at 28.93, showing a rise of 0.23 in. during the

hour. The rain at this time ceased. At 11 P. M. wind had moderat-

ed to a light breeze, and soon after died away altogether, blue sky ap-

peared and barometer rose to 28.99 in.

The storm had passed, travelliug in a direction about N.N.E. at the

rate of fifteen miles an hour, and its diameter was about one hundred

and five miles. I had excellent opportunity for obtaining data relating

to this storm and the above figures are very close approximations to the

truth, A remarkable feature of this storm was the almost total ab-

sence of lightning, for, with the exception of a few very vivid flashes on

either side of the center, there was no appearance of any electrical

phenomena during the entire passage of the storm over the ship. I

observed also during the passage of this storm over the Idaho, at ir-

regular intervals, sometimes during, and at other times between the

squalls, a violent vibration of the magnetic needle, which was not

caused by the movement of the ship nor by any vibration communica-

ted to the compass by the force of the wind causing the shij) to tremble

as she did during the heavy squalls and the final blast; and I can

only account for this by the assumption of a strong magnetic force be-

ing distributed in veins or bauds through portions of the atmosphere

in the stormdisk.

The above facts speak for themselves, and, having observed them

myself, I am certain of their correctness. The one thing I cannot do

is to reconcile them with the centripetal or any other than the cy-

clonic or circular theory.

FORMOSA CYCLONE.

The British ship Argyleshire, on a passage from Hong Kong to

Yokohama, encountered, on the 11th September 1872, at midnight, a

cyclone near the south end of Formosa ; Botel Tobago island bearing

N.E. twenty-three miles, when the wind commenced to blow fresh

from N.N.E., accompanied by all the usual signs of bad weather,

and the captain rightly concluded that he was on the border of a cy-

clone; but somewhat hastily, and, as I will show, wrongly, decided

that he was in left semicircle.

On the diagram marked Formosa, Plate I. Fig. I, I have plotted the

track of the ship from the time of her entrance into, to the time of her
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departure from the stormdisk, the courses and distances, being the

true courses and distances, resulting from a careful computation of

the data found in her log. Points of reference on the track are

marked 1, 2, 3, &c.

Fig. 2. shows the actual position of the ship in the stormdisk, plotted

by bearing and distance from the center, and the points of reference

1, 2, 3 &c correspond to the same numbers on the track.

I have also drawn roughly the coast line of Formosa, in order to

show the relative positions of ship and laud, and also to illustrate the

effect of high land upon the wind in a cyclone.

By an examination of the log book of the British bark Malvera, I

found that she had passed through a portion of the same storm, and,

by the data contained in her log, I was enabled to locate the center

fifty-five hours after it had passed the Argyleshire, during which time

it had travelled W. by S. four hundred and sixty-one miles. This of

course is only approximate, but it is probably not far from the truth,

and I have therefore constructed this diagram on the assumption of a

uniform rate of speed of 8.4 miles per hour W. by S. With this, and the

data found in the Argyleshire's log, I have also computed its diameter

to be about five hundred eighty eight miles.

But to return to the ship we find her on the border of the cyclone

(Pt. I) having the wind from N.N.E. and the center bearing accord-

ing to the accepted theory of the law of storms : E.S.E., barometer

29.95 in., weather overcast and cloudy. The captain, believing that

the storm was moving northward, decided that he was in the left semi-

circle, and accordingly continued ou his way making good a course

E. by S. (on the port tack) for a distance of sixty-three and a half

miles, during an interval of five hours and eighteen minutes. At this

point (Pt. 2), the wind had increased so as to oblige him to shorten

sail, and the barometer had fallen to 29.70 in., the squalls become

stronger, more frequent and of longer duration. He still continued

on his course believing that the center would pass northward far

enough ere he could reach the line of its axis to enable him to take ad-

vantage of the westerly and south westerly winds, which he expected

to meet with in the south and south-eastern parts of the storm circle
;

but at the expiration of three hours the wind had increased to a mod-
erate gale, blowing from N.N.E. \ E., barometer had fallen to 29.32 in.

and the condition of the weather grown very much worse. During the

last three hours he had made good a course E.S.E. | E. thirty

miles (Pt. 3). Sail was again reduced and during two and a half





EXPLANATION PLATE II.

Fig. I. Scale approximate: 1 znc// = 40 miles

Long akrow, represents axis of storm track. Figures, 1, 2, 3, etc. encir-

cled by small arrows, mark positions of storm center con-esponding
to reference points on the track similai'ly numbered.

Bkoken lines represent ship's track.

The tipper track, is computed from data in the ship's log.

The lower track results from the application of a current (S. 52^ W. 3

knots per hour) to all the courses of the upper track.

Small circles numbered, 1, 2, 3, etc mark ship's position for each point of
reference, and those on the lower track referred to corresponding num-
bers on the storm-track, show approximately bearing and distance of cen-
ter.

Small akrows, indicate true direction of wind for each point of reference.
Curved arrows near islands show deflection of lower currents of air, caus-

ed by contact with high land.
Figures on the land and in brackets near it indicate height of the land in

feet.

Fig. 2. Scale approximate : 1 inch = 80 miles.

Long Cukved akroavs, bound the storm-disk and indicate cyclonic move-
ment of winds within it.

Long straight arrow represents axis of storm-track.
Hulks : numbered, 1, 2, 3, etc. show positions of ship in the storm-disk
corresponding to reference points on tlie ship's track and storm track (Fig.
1,) similarly numbered, and are plotted by bearing and distance from
center.

Straight arrows, pointing to hulks, indicate true or actual direction of
winds.
Short curved arrows show the corresponding cyclone winds.

Letters above arrows show the direction, and figures in brackets near
them, the force (Beaufort's scale,) of the winds.
Letters and fgures below the arrows show state of barometer and ther-
mometer as observed on board ship.

The arrow at hulk, 12, applies equally to hulks, 11 and 12. as also do the
forces of the wind and the barometer i-eadings, in the order in which they
are marked on the arrow.

Fig. 3. Represents Centripetal viotion of winds.
Black hulks : a.... a, b & c show in each case the true or cyclonic positions,
and a' b^ & c' the corresponding centripetal or folse positions of the ship
in the storm-disk.

Fig. 4. A cyclone Jiear Reunion island Sotith Indian Occa^i
Long arrow, axis of storm-track.
Small CIRCLES projected on the arrow mark positions of center correspond-

ing to times marked abreast.
Broken ano dottedlines represent the tracks of eleven vessels, as fol-
lows :

1. Angvle.
2. Somme. 7. Pacijique
"' Alfred. 8. Washington.
4. Victorine. 9. Engine et Amllie.
5. Lisc et Berthe. 10. Veaune.
6. Ville de St. Denis. 11. Angegardien.
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hours more he ran S.E. J S., twenty-six miles (Pt. 4.) At this

point the wind had increased to afresh gale, blowing from N.N.E. | E.,

barometer had fallen to 29.12 in. and the weather assumed a very-

threatening appearance, overcast, with heavy squalls, rain and light-

ning. Still believing himself in the left semicircle, (notwithstanding

everything indicated the contrary), but finding that he was uearing the

center, he concluded to bring the ship by the wind, and await the op-

portune moment for resuming his course. The ship was accordingly

put under close reefs and storm canvas, on the port tack head-reacliiug,

and was so kept about one and a half hours, when at noon, on the

12th, (Pt. 5), the wind had increased to a strong gale (10) barometer,

fallen to 29.02 in., wind changed to N.E, i N. and the weather stead-

ily growing worse, the captain evidently began to think that he was

approaching the center rapidly, and his hopes of fair westerly and

south-westerly winds, died away with the first gleam of an idea that he

might have been mistaken as to the course of the storm. Be that as

it may, he wore ship and hove her to on the starboard tack. He drift-

ed in this way during three and a half hours to (Pt. 6) where the

wind, blowing furiously, had changed to East, but the barometer, du-

ring the interval, had remained steady. During five hours more the

wind continued blowing with unabated force, gradually veering to the

southward, and at the end of this interval was S.E. by E. f E. and the

barometer had gone up to 29.23 in. (Pt. 7). During the following

thirteen and a half hours of this storm, the barometer rose gradually

to 29.58 in. and the wind, veering slowly, was at about 10.00 A. M.,

September 13th, S.E. i E. blowing a fresh gale, and rapidly moderat-

ing. At this time the lightning had entirely ceased and the general

appearance of the weather very much improved (Pt. 9.) Sail was

now made on the ship and during the remaining eight and one half

hours within the stormdisk she made good a course S.E. f E. fifty-six

miles, and about 6.30 P. M. on the 13th September she passed out of

the storm-circle (Pt. 11) the wind being S.E., blowing a fresh breeze,

and the barometer at 29.90 in. The thermometer ranged from 71° to

79° being 78° at the point of entrance into the stormdisk, 79° at the

point nearest the center and 71° at the point of leaving the storm-

circle.

LINCHOTEN CYCLONE.

On the diagram marked Linchoten, Plate II, Fig. 1, I have plotted

the track of the Francis Henty (bark) of Melbourne, as it appears from
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a careful computation of the data in her log-book, and a second track

which results from the application of a current to all the courses. Fig.

2. shows the position of the ship in the storm circle, plotted by bear-

ing and distance from the center.

The rate of the storm's progressive movement was ascertained to be

about sixteen miles an hour. By working up the data found in the log-

book of the british bark Hilda which passed through the same storm,

I was enabled to locate the center thirty-five hours after it passed the

Francis Henty, haying traveled during the interval about five hundred

and sixty miles north-eastwardly.

With these figures and the Francis Renty's log, I have computed the

diameter of the storm to be about three hundred and sixty miles ; and

the diagram is accordingly constructed on the basis of the above fig-

ures.

The Colonial bark Francis Henty of Melbourne, commanded by Mr,

W. T. Ouayle, left the Saddles, off* the mouth of the Yangtze river,

China, on the 4th October, 1872, bound for Yokohama, but owing to

contrary wind she was unable to fetch the Strait of Van Diemen, and

so was obliged to bear up for Coluett strait. Before reaching this

point, however, the captain discovered indications of a cyclone to the

southward, and decided to remain on the western side of the islands,

and await the result of the coming gale. His barometer was low and

indicated great agitation in the atmosphere by a constant oscillation of

the mercury in the tube, and this considered, together with a heavy

cross-swell, occasional flashes of lightning, and a general threatening

appearance of the weather, left little doubt that a storm was not far

distant. On the morning of the 8th October, being then in the vicini-

ty of Yoko sima island, the barometer rose 0.20 in. from 29.30 in. to

29.50 in. and this circumstance threw the captain oflf his guard ; he

thought the danger was all over, and, believing the storm was passing

away from him, he took advantage of a slant, to pass through close

hauled on the port tack between the islands of Tokare sima and Yoko
sima ; but the wind hauling to the eastward headed him ofl^, and when
be had reached a point about eight and a half miles N.E. f E. from

cape Monturose, it was E.S.E. still hauling to the southward and
rapidly increasing in force, blowing at the time a strong breeze.

The vessel was here put on the starboard tack, and kept free with a

view to repass to the westward of the islands, as it was now evident

that the storm was approaching, notwithstanding the rise in the barom-

eter. While running to the northward the barometer still kept rising,
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and actually rose 0.20 in, more, viz. from 29.50 in. to 29.70 in., but

the wind at the same time continued to increase in force, and the clouds

came rushing on so fast and thick, that the question of passing through

the chain of islands to the westward became a very doubtful manoeu-

vre, attended, if attempted, with incalculable risk, considering the force

of the gale blowing, and the impossibility of seeing far enough ahead

to avoid an island or a rock, should one happen to be in the way. The

vessel was therefore hauled up on a course nearly parallel to the trend

of the islands, and sail reduced. The barometer soon ceased to puzzle

the captain ; it commenced to fall much more rapidly than it had risen,

and that and the wind told the whole truth. The storm was coming

direct for the ship, the latter having no possible way of escape.

The facts, as they occurred during this storm, are as follows :—At 7

P. M., October 8th, we find the Francis Henty at a point N.E. \ E.

eight and one-half miles from cape Montuvose, the N.E. point of the is-

land of Oho sima (Pt. 1.). From this point she steered to the north-

ward and eastward for Colnett strait ; running with the wind from S.E.

by S. blowing a moderate gale ; the weather was overcast, squally and

rainy, and the sea rough. During a run of two hours, she made good

a course K by E. J E. * sixteen miles (Pt. 2). The barometer, dur-

ing this interval, had fallen 1.05 in. from 29.70 in. to 28.65 in. and the

wind had increased to a fresh gale (9). The clouds also had descended

to the water surface in a solid wall of deep black, and enveloped the

ship in a dense mist: this added to the natural obscurity of the night,

rendered the darkness intense, which was relieved only by occasional

flashes of lightning. The idea of passing to the westward of the islands

was abandoned, and the ship was hauled oif on a course nearly parallel

to the trend of the islands, under double reefs and reefed courses. She

ran in this way during an interval of three and three fourths hours,

and made good a course N.N.E. twenty-seven and a half miles ; at

this point (Pt. 3) the wind was S.E. f S., having increased to a strong

gale, (10) and the barometer had fallen 0.35 in. to 28.30 in. The ves-

sel was then put under close reefs, and the mainsail furled ;
and under

two close-reefed topsails, foresail and lower staysails, she was kept a

good full, with the yards braced well in, in order to gain ground if pos-

sible to the eastward. This heavy press of canvas was kept on until a

violent gust split and carried away all her square sails, broke the main-

yard short off in the slings, and sprung the foreyard. In this coudi-

* This as well as the following courses and distances, is the true course

and distance, resulting from computation of the data in the log.
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tion she was brought to, under storm staysails, on the starboard tack,

having made good a course N.E. i N. twelve miles (Pt. 4.) while

trying to make easting and, if possible, distance the center, which, there

had been no doubt when the manoeuvre was commenced, was coming

direct for the ship, and hence these desperate efforts to avoid it. At this

point the wind was S.E. i S., blowing a terrific gale (11) barometer

27.50 in. (having fallen 0.80 in. in one and three-fourths hours) and the

condition of the weather beyond description. To use the captain's own

expression in speaking of the lightning, he said :
" It came tumbling

down on all sides in vertical columns of vivid green," and in trying

to convey to me a general idea of the surroundings at the time, he ad-

ded in substance the following :
" while laying to and trying to clear

away the wreck as much as possible, the sea, though running high, did

not break, owing to the pressure of the wind upon it. The wind stead-

ily increased and the gusts became stronger, and more frequent, until it

was thought impossible for the wind to blow any harder ; and yet it in-

creased and increased again till the noise became deafening. The

howling of the wind, the roaring of the waves, and the creaking of hull,

spars and rigging was something terrific, added to which, the dreadfully

vivid glare of the now almost constant sheet of lightning, rendered

the momentary intervals of darkness, the darkest of the dark." To

a question as to whether or not he heard any thunder, the Captain

answered :
" I cannot say, but I don't think any thunder could have

been heard above that terrible noise."

The ship had di'ifted about three and one-half hours in a helpless

condition, (enveloped in a dense cloud of rain and spray, driven furi-

ously against and over the ship, the men being lashed on deck), when
the captain thought of his barometer, and on examination found it

standing at 27.19 in. A few minutes later when he again looked at it,

the mercury had fallen out of sight, he did not know how far. The
wind at this time was S.E. 1 S., and, almost immediately after examin-

ing the barometer the second time, he felt one terrific gust strike the

ship, under the pressure of which she listed over until her yard-arms

touched the water, and so remained for about a quarter hour, when the

wind suddenly lulled, and during an interval of from five to ten min-

utes, gradually grew weaker, until eventually it died away entirely

;

and, in the place where but a few moments before, nature had raged in

all her wildest furies, reigned at this time (6.30 A. M., Oct. 9th,) an
absolute calm. The ship had drifted at an estimated rate of five and
one-half knots an hour, and I have therefore allowed, N.W. t N., tweu-
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ty-two miles of drift for the four hours since she was hove to—(Pt.

5). After the ship had passed into the calm space, and the noise of

the wind and sea had somewhat subsided, it was discovered, that the

fore and main top-gallant masts and the mizzen top-mast had all been

carried away, and shortly after a heavy sea came over forward, which,

in its passage, carried the jib-boom with it.

Although the wind had ceased, the danger was by no means lessened,

for the sea ran so high, and with such fearful irregularity, that the

probability of foundering was very great. While tossing about in this

way she shipped seas from all directions, and stove in her bulwarks on

both sides between the fore-castle and poop ; breaking several of the

stanchions just above the covering board, and as if to fill the cup

of bitterness to the brim, in these moments of anxiety and dread, the

main-hatch was partly blown out by the expansion of the air below,

which, having a greater specific gravity than that on the outside, and

exerting an outside pressure of more than one pound to the square

inch, (the barometer having fallen two and a-half inches since enter-

ing the stormdisk) naturally sought to establish an equilibrium through

the weakest part of the ship.

While trying to secure the hatch to prevent the water from rushing

down into the ship's hold, the second mate, who was at that work, was

washed overboard by a sea coming over the starboard beam, and was

actually tossed back again, by another which came on board over the

port-side. I mention this circumstance to show how irregular the sea

must have been. The captain described the seas in the calm center, as

so many church steeples, rising, tottering, and falling in the wildest

confusion.

To a question as to how the clouds or atmosphere appeared in the

center he answered :
" The central space was filled by a thick, gray

haze or fog, through which, at intervals, I saw blue sky. The rain had

ceased, but lightning, in a less degree, still continued." But to return

to the ship ; we find he^ tossing about in the center of a cyclone, per-

fectly unmanageable, with her top-gallant-masts, mizzen-top-mast, head-

booms and mainyard gone, fore-yard sprung, and nearly all her sails

blown away, with the certainty of having to encounter another part

of the stoi'm equally as violent as the one she had just passed through.

In order to avoid being driven against a heavy sea on the lee quarter,

when the wind, as he expected, should come out from N.W., the cap-

tain decided to put the ship on the port tack ; but how to accomplish

this without any sails or wind was the question. He rightly conjectur-



248

ed, however, that a few light puffs would probably precede the strong

blast on the other side of the center, and thought he would have time

to point the ship's head in the right direction if he had but some sail

forward. He did not dare open his sail-lockei's for fear of swamping

or filling the ship with water, and he had nothing but a storm staysail

left forward with which to attempt to wear, or rather to point the ship's

head. A three cornered lower-studding-sail, lashed under the forecas-

tle deck was, however, thought of at this moment, and it was quickly

got out and secured to the fore-yard on the starboard yard-arm from

the slings out, keeping the sheet on deck, made fast to the bitts

near the mast. By these means he managed to point the ship's head

to the N.E. during some little gusts of wind on the rear edge of the

calm center, and when the wind came out in force she received it on

the port side. The wind came out from N.W. with such force that she

was again thrown down, nearly on her beam-ends. Having lost, how-

ever, her upper spars, she righted a little, after the first tremendous

gust had passed, but still, during the next half hour, the wind forced

her over so that she was drifting with her lee scuppers under water,

against a sea, which, under the impetus it had received from the S.E.

wind in the first part of the stormdisk, was still running with consid-

erable force from that direction. I will not attempt to describe the

horrors of that half hour, during which it was expected every moment
that the deck would be crushed in by the sea ; and this would probably

have occurred if the bulwarks had not previously been carried away
;

as it was, the sea made a clean breach over the vessel without stop or

hindrance. The sea, however, soon yielded to the tremendous force of

the wind and continued during the heaviest blow comparatively smooth.

She drifted in this way for two and a half hours about fourteen miles

S.E. f E., (Pt. 6) the wind blowing a hurricane from N.W. under the

same circumstances of weather as already described on the other side

of the center, with the single exception of it being day 9.30 A. M. in-

stead of night, as was the case before. About this time the wind mod-

erated a little and the ship righted, the barometer was examined and
registered 27.20 in. The sea commenced to rise with the abatement of

the wind. During the next one and a half hours the wind blew with

an estimated force of (11) and had veered to N.W. by W. i ^Y., ba-

rometer went up to 27.25 in. and the ship drifted E.S.E. i E., seven

miles (Pt. 7). The story of this storm, at least that part which prop-

erly comes within the scope of this paper, is now told ; and the only

remaining feature to which I will call attention is the veering of the
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wind to the southward, as the ship approaches the island of Oho sima.

Thus at (Pt. 8) wind is W. f N. blowing a strong gale (10) barometer

27.75 in. and ship has made seven miles E. f S. At (Pt. 9) the wind

is AV.S.W. f ^Y., blowing a fresh gale (9) barometer 28.00 in. and ship

has made six miles E. i N. At (Pt. 10) the wind is S.W. by W., ba-

rometer 28.40 in. and ship has made five miles E.N.E. f E. At (Pt.

11) the wind is S.W., blowing a moderate gale (8) barometer 29.10 in.

and the ship has made five miles N.E. by E. f E., weather clearing.

At (Pt. 12) the wind is S.W., blowing a fresh breeze (7) barometer 29.

40 in. and ship has made five miles N.E. f E. At this time 6.30 P.

M., Oct. 9th, she was found to be about seven miles N.N.E. from San-

down rocks, after having passed through the most violent storm that I

have ever heard an eye-witness describe, and, after an interval of

twenty-three and a half hours of sailing and drifting, she found herself

only nineteen miles from the point where she started the previous eve-

ning at seven. I will here leave the Francis Henty to make the best

of her way to Yokohama.

Before proceeding farther I will briefly explain the two tracks shown

on this diagram. The upper track is the one resulting from the plot-

ting of courses and distances sailed, and the measured and estimated

drift as per ship's log ; but the ship, at the end of the storm, was found

seventy-one miles S. 52° W. from the point where the log placed her, and

as I have no means of accounting for this difference, I have assumed

that a uniform current of three knots per hour, setting S. 52° W., af-

fected the course of the ship during her passage through the stormdisk,

and the lower track, resulting from the application of this current to

all the courses, is approximately the one over which the ship passed.

As, however, the major part of this surface set must have been pro-

duced by the storm, the ship was probably, not so much aflEected by it

in the beginning as in the latter part, and, her true track lies some-

where between the two here plotted.

It is a significant fact that the Francis Henty was set to the S.

W. rapidly by the same current after the storm was over.

It is not unusual to find, what is known as the storm wave setting

strongly in the direction of the course of the storm ; but it will be ob-

served that this current came from nearly an opposite point, and I am

at a loss to account for it, except upon the assumption that the surface

waters were driven furiously against the islands by the S.E. winds, and

not finding ready means of escape through the passages between them,

were turned off to the southward, through the wide and clear passage
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between the island of Oho sima and the islands to the westward.

Review.—I will now briefly review the two last cases, and examine

the evidence before us ; my object being to show that the wind within

the stormdisk of a cyclone, blows, as the word implies, in a sort of spi-

ral curve resembling the coil of a snake, which for all practical pur-

poses may be considered a circle. In other words, that the winds

blow in circles round a common center ; subject, however, to certain

modifications growing out of the contact with land ; the extremes of

which I believe are to be found in the two cases here represented, for

which reason I have selected them as the subject of my paper ; and I

regard them, whether considered separately or together, as typical of

the cyclone with all its variations.

In the first case, we have the Formosa cyclone moving W. by S.

and coming in contact during its course with the south end of For-

mosa island. We notice that the long arrows which indicate the di-

rection of the wind as registered on board the Argyleshire come from a

point northward of that shown by the short arrows, which represent

the wind as it ought to blow according to the cyclone theory, until

the ship comes near a perpendicular, from the center, raised on the

line of its axis (Pt. 6) after passing which we find the long arrows

coming from a direction south of that indicated by the short arrows

(Pt. 7) and, again as the ship approaches the edge of the eastern or

rear portion of the stormdisk, the difference in direction of the arrows

grows gradually less, until at (Pt. 10) the coincidence is nearly per-

fect. Let us notice also in this connection that at (Pt. 9) a per])eudic-

ular from the center, falls westward of the south point of Formosa, and

that the influence of the land upon the wind grows gradually less as

the center passes westward. Now if we consider a cyclone travelling

eight and a half miles an hour and coming in contact suddenly with

a mass of high lands, such as we see on the south end of Formosa,

where a mountain range runs parallel with the coast and rising i'rom

nine thousand to eleven tliousand feet above the sea, and several peaks

south of it ranging in height from two thousand to nine tliousand feet,

it is but reasonable to suppose, that something must give way, and that

something is the wind. The first effect is to check tlie course of that

part of the stormdisk actually in contact with the land, and next, the

wind in the struggle for liberty naturally turns toward the side where
it meets with the least resistance, viz., the center of the storm.

While this is going on in front, the rear part of the storm is partly

checked in its turn, but still pressing forward, and the result is a dis-
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tortion of the stormdisk. The currents of air, instead of passing over

the arc of a circle, assume the form of au ellipse moi*e or less irregular

according to the nature of the obstruction and the speed with which

the storm is moving. All these things considered in connection with

the Formosa cyclone I believe will satisfy every question in the prob-

lem. As will be seen by the wind arrows on the diagram, while the

ship was to the westward of the axis or lougest diameter of the ellipse,

she had the wind from some direction northward of the cyclone point*,

and that after passing to the eastward of that line the wind actually

blew from some point southward of the cyclone point, which is in per-

fect accord with the above expressed idea of the distortion of the

stormdisk. We also notice that after the center has passed the south

point of Formosa, and in proportion as it passes farther to the west-

ward of that point, the winds gradually resume their normal direction,

(the circular course) and at (Pt. 10) the coincidence of the two arrows

is nearly perfect ; a fact which would seem to indicate that, had there

been no obstruction the wind would have blown in circles throughout

the entire area of the storm.

This storm presents another feature of interest not often met with,

and if we suppose a ship caught in this storm anyw^here within fifty or

sixty miles of the south point of the island, on the east coast of For-

mosa and within the limits of the converging currents, we have the

case before us. A vessel so situated would have the wind from N.N.E.

and locate the center at the E.S.E. which would at first be true ; but

this bearing according to the wind would remain the same, during the

passage of at least one half the stormdisk over the ship, and the ba-

rometer falling also, because the center is gradually coming nearer,

would indicate, that the storm was actually coming straight towards

her.

This is one of the cases where the judgment of the commander may
save his ship, and where a want of judgment and nerve will certainly

lead to destruction. He has, it is true, no means of determining the

course of the storm, but, he knows that its center is to the eastward of

the island, and by examination of his chart he will see at once, that

whether the course of the storm is westwardly or northwardly, the

wind along the coast of that high land would equally be from N.N.E.

or parallel to the coast. In his position he is on a lee shore if the

storm is travelling westward, and he must run for the south point of

* The point from which according to the rotary theory the wind ought to

blow.
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the island until clear of it to the southward. If to the contrary the

storm is coming straight for him, as the wind and the barometer indi-

cate, his only safety then lies in scudding. Even if the course of the

storm is such as to strike some point on the coast south of him he

must still run, with the hope of crossing its track ere the dangerous

vicinity of the center has advanced far enough to do him any serious

harm ; and if the course of the storm forms anything less than a right

angle with the coast line he may reasonably expect to accomplish this
;

for there is scarcely any danger of the entire storm leaping over moun-

tains eleven thousand feet high, if it has room to turn off to the east-

ward, which it would probably do as soon as the currents in front had

banked up against the coast sufficiently to produce a pressure in that

direction. In either case his chances for escaping the center are

good, and once south of the island, there is plenty of sea room to run

out of the storm or heave to and drift as might appear best. If how-

ever the course of the storm is westward as in the present case, the

question becomes more serious ; but it is a question between life

and death, the center of a cyclone and a lee shore ; and must be de-

cided quickly. To remain hove to in such a position is certain destruc-

tion ; for, after the center has passed westward of the island, the wind

will gradually curve less and less until eventually it strikes the broad-

side of the coast at a right angle and leaps over the land. By squar-

ing away in time, he may reach the south point of Formosa, ere the

center reaches there, but at any rate he must take his chances, and

prepare to meet the worst part of the storm in preference to the rocky

shores of the island. The chances, however, are all in his favor by

scudding, and all against him by heaving to ; in the latter case he will

certainly bring up on the rocks, in the former he may run into the

center ; but we know that ships have passed through the center, as did

the Francis Henty through one of the most violent storms on record,

and come out comparatively all right. The chances are also, and in

his favor, that the center of the storm will not pass near enough to the

south point of Formosa to bring him into dangerous proximity with it,

as the high land would in all probability turn it off to the southward.

Once south of the island and hove to on the starboard tack the ship

would be in a comparatively safe position. This course of action, how-

ever, applies only to high land and a bold coast. I'f, on the contrary,

the land was low and the water shallow for some distance off shore, as

on some parts of our own coast, it is a question whether or not, if the

storm was moving westward, the safety of the ship would be insured
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by scudding, or even if such a course would be justifiable ; and I am
of opinion that it would not. In that case a ship hove to on the

starboard tack would be safe until it was found, by her shoaling the

water, that she was drifting into dangerous proximity with the land, in

which case the last resort would be to drop the heaviest anchor and

pay out one hundred and fifty fathoms of cable or more if necessary on

the same anchor, and then reduce the surface aloft by sending down

spars &c., having a second and third anchor ready, in case of accident

to the first or second.

With respect to the Liuschoteu cyclone, the problem of manoeuvre is

more simple. The captain in this case did all that could be done under

the circumstances to avoid the center, with the single exception

of passing through the chain of islands to the eastward, when a

proper interpretation of the action of the barometer and careful study

of the condition of the weather, would decidedly have led the dis-

creet navigator to the adoption of a contrary course; for it is now a

pretty well established fact, that, not unfrequeutly, the atmosphere

on the border of a cyclone is banked up in front by a temporary

resistance to the forward movement of the storm, and thus produ-

ces a greater pressure on the barometer, as is seen in the case before

us. The barometer here fell one inch in less than two hours after

entering the storm disk, and at no time during the ship's pres-

ence within its limits did so great a fall occur in the same length

of time. The greatest fall registered afterwards was 0.8 inch in one

and three quarters hours, from 28.30 inches to 27.50 inches. Dur-

ing the next four hours the barometer fell 0.31 inch from 27.50 to

27.19 inches, but it will be i-emembered that this was the lowest reading,

obtained about half an hour before entering the calm center, and that

a few minutes after, when the captain again examined the barometer,

the mercury had fallen out of sight, we do not know how far ; and I

have therefore taken the lowest reading as the minimum pressure. It

is, however, quite possible that the barometer in this case fell below

27.00 inches because in the Yokohama cyclone, when near the center

the barometer fell 0.15 inch in fifteen minutes and supposing the Fran-

cis Heniys barometer to have fallen at the same rate (and the sudden

disappearance of the mercury would seem to indicate that it did) dur-

ing the half hour following the last reading, it would have fallen 0.30

inch and instead of 29.19 inches would have read 26.89 inches. As-

suming this to be true, the Francis Henly exhibits the greatest barom-

eter-fall on record, although not the lowest recorded pressure at the
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water surface. The greatest recorded fall of the barometer, occurs in

the case of the brig Gazelle in the China sea, 1849,:rz2.80 inches from

29.80 inches to 27.00 inches, and the minimum pressure recorded on

ship board is given in Piddington's Hornbook, page 264, as 26.30 inches

on board the East-India-man Duhe of York off Kedgeree, river Ganges

1833. But to return to the case in point, the Francis ELenty, we follow

her through the first half of the storm and find that the wind blows

during the whole interval, from a direction between S. E. by S. and

S.E. 4 S. which, is in strict accordance with the cyclone theory where

there is no land to divert its course ; and after passing through the

center, we also find that the first violent blast is from the N.W., which

likewise, is a confirmation of the idea of circular motion knowing that

the storm moves N.E. We further notice, that in proportion as the

vessel approaches the island of Oho sima, the wind gradually takes a

more northerly course in other words, veers to the southward, drawing

up the channel between Oho sima and the islands to the westward.

This is simply another case of the incurving of the wind already ex-

plained in the case of the Formosa cyclone. The only diflference be-

tween the two being, that in the present case it occurs in the rear por-

tion of the storm disk, while in the other it took place in the fore part

of the same.

I have mentioned before, that I selected these two cyclones (the For-

mosa and the Linchoten) as the subject of my paper, because of the

embodiment in them, of nearly the extreme variations of the wind from

the cyclone point, and because if dissected and considered in part only

there will be found in each of these storms, a sector that would appear to

contain the elements of a law upon which another theory (which, by

the way, has a great many advocates) is based. I refer to the cen-

tripetal or inblowing theory of which Professor Espy of Philadelphia

may be considered the author, and which embodies substantially the

conclusions arrived at by Professor Brandes of Germany as heretofore

mentioned ; and I doubt not that an advocate of Mr. Espy's theory,

had he been on the spot, would have found ample data in the facts as

they occurred to prove it.

Before proceeding farther I would state my opinion, that great ocean

storms known as cyclones, &c., are separate and distinct phenomena,

created, existing and dying in accordance with certain natural laws,

for which no absolute solution has as yet been found ; and further, that

they have no relation to or connection with the ordinary gales, which

do not possess the same characteristics and ought not therefore to be
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classed in the same category. They are met with in particular locali-

ties, and generally at particular seasons, I do not mean to say that

a cyclone may not be met with anywhere or at any season, but as a

rule, they prevail during particular periods of the year, and are more
frequently met with in some seas than in others. The China seas

Indian ocean and North Atlantic, appear to be much more fre-

quented by these storms than the South Atlantic or Pacific. They are

sometimes met with in the Mediterranean, but rarely, if ever, in the

North sea or Baltic, while at the same time gales of wind are common
and often very violent in both of the last named seas.

Now it appears to me that some of the modern writers, who condemn

the cyclone theory make no distinction between the great ocean storms

and ordinary gales, and besides, base their opinions on observation,

chiefly made on shore and on theories deduced therefrom ; and

while these theories are doubtless the result of much scientific re-

search, of great personal activity and labor and of faithful and honest

investigation in search of truth, and also, while the course of reasoning

pursued manifests a high order of talent on the part of the writers

;

yet if these theories do not accord with what actually takes place in a

storm at sea, they are worse than useless, they are dangerous to the

navigator.

The better to demonstrate this I will briefly compare the centripetal

or inblowing theory of Brandes and Espy with the cyclone theory of

Kedfield and Reid, and take as an example the Francis Henty here

represented in the storm disk, her track through which we know and

have therefore nothing to suppose. We find her lying in the N.E.

quadrant of the storm with the center bearing S.W. by W. (Plate II,

Fig. 3. a) and having the wind S.E. by S. Now, according to the cen-

tripetal theory with the wind S.E. by S. the center bears N.W. by N.;

in other words the ship's position in the storm circle is always on the

compass point from which the wind blows and the center always dead

to leeward, (Fig. 3. a'). Being on the outside or near the edge of the

stormdisk and having noticed as did the captain of the Francis Henty

the storm approach from the southward, the commander assumes that

it is moving northward or north-eastward, and with the center bearing

as he believes N.W. by N., he sees a good opportunity to run along

with it, and so shapes his course N. by E. \ E., but after running for

a while he finds his barometer falling and concludes that his course

brings him towards the line of the storm track and to avoid this he

hauls off to the eastward, first, N.N.E., and then N.E. I N., but ere
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long, the storm having travelled sixteen miles an hour, while the ship

has made only seven or eight knots, the wind has increased to such an

extent that all his sails blow away, and he is left in the condition of the

Francis Henty, and in the same place, from which there is no escape,

and so he meets her fate. (Fig. 3. a center.) This is what he would do

in mid-ocean with plenty of room to manoeuvre on the principle of the

centripetal theory. But suppose we reverse the case, and that instead

of assuming that the storm is travelling northward, he heaves his ship

to, to ascertain its movement, and still finds the wind S.E. by S., he

places the center bearing N.W. by N. as before. After having laid to

for a time sufficient in his judgment to bring about a change of wind,

and having experienced none, he looks at his barometer and discovers

a great fall in the mercury, he naturally concludes that the storm is

moving directly towards him and so decides to get out of its way.

Having the center as he supposes bearing N.W. by N. and the storm

moving S.E. by S. he finds that the course which will take him most

directly away from the center is S.W. by W., and accordingly he fills

away on the port tack (Fig. 3. 6 & h') and runs along with the wind

abeam, until his sails blow away as before and he is left in the same

place at the mercy of the storm. But if instead of the port tack he

fills away on the starboard tack, (Fig. 3. c & c'), as he can do either

with the wind S.E. by S.) and stands N.E. by E. it is only a question

of a few hours more before the storm will overtake him.

By the above, and by thousands of other cases that might be cited,

it is seen that the centripetal theory of the motion of the wind in storms,

is not borne out by facts as they occur at sea, and also, that the means

which according to that principle should be adopted to escape the cen-

ter, simply lead a vessel into it; for the reason, that by the assumption

that the winds blow in straight lines towards the center, that point is

located 90° to the right of its true position in the northern hemisphere,

and 90° to the left of its true position, in the southern hemisphere

;

and yet Professor Blasius says that this theory has more of the germs

of truth in it, than the cyclone theory. But the shortest refutation of

the centripetal, or any other theory supposing the winds blowing in

straight lines towards a point or a line of minimum atmospheric press-

ures is, the fact, that no ship has ever run into the center of a storm or

cyclone by running before the wind, except perhaps, in the vicinity of

land when the stormdisk was distorted by contact with it, or when near

high land under the influence of converging currents of air it was done

purposely to avoid a greater evil, and finally, by trying to cross the
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storm track under circumstances when such an attempt was mani-

festly improper and the thing impossible.

The Centripetal and Cyclone theories, however, have some things in

common ; for instance, the changes of the wind occur in the same man-
ner on both sides of the axis or line of forward movement ; and ac-

cording to both theories a vessel may run before the wind along with

the storm in the direction of its course ; in the former case in its

rear on the line of its axis, and in the latter case abreast of the cen-

ter on a tangent parallel to its course.

These very similarities constitute a real danger to the seaman, who,

having read and perhaps studied the writings of anti-cyclonists, that is of

the writers above referred to who condemn the cyclone theory, has be-

gun to doubt the truth of the latter, and finding some things in accord

in both, (the cyclone and the centripetal theories) is apt to conclude

that the centripetal is but the cyclone theory revised and presented in

its true aspect; and although the fallacy of the former is abundantly

proved by experience, yet it cannot be denied, that, to the purely theo-

retical student, it must appear more plausible and more logical than

the cyclone theory ; inasmuch as it is less difficult to account for the

centripetal than the rotary motion of currents of air seeking to arrive

at a point of minimum pressure in the center of a storm.

Mr. Redfield and his followers or co-workers have however present-

ed us with a true problem and furnished us a formula for its solution,

and the man who at this day runs into the center of a cyclone when

he has room to avoid it has no one but himself to blame.

With reference to the case already mentioned as being on record in a

work entitled "Storms; their nature classification and laws"—by Pro-

fessor Blasius, page 241, and which Mr. Meldrum is there represen-

ted as citing in support of his theory of inblowing currents in great

ocean storms, I have translated from a work entitled :
" Etude sur les

Ouragans de I'hemisph^re Austral," second edition by M. Bridet Capi-

taine de Fregate, etc. etc. [published uuder the auspices of the Minis-

ter of Marine, issued from the Depot des Cartes et Plans de la Marine.

Paris and numbered 465] the following account of the storm of the

twenty-sixth of February 1860. Captain Bridet was at the time Cap-

tain of the port at Reunion and his account of the storm is from per-

sonal observation, the reports of commanders of vessels and from ex-

tracts from the logs of forty-two vessels that were involved in the

storm.

Thus ; on page four he says :
" My functions as Captain of the port
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at Reunion, have enabled me to consult the logs of forty-two vessels,

which, either left the roads of the colony, or were in its vicinity at sea

;

all having suffered more or less during the storm of February, 1860.

By data found in these logs I have been able to fix the position of

these vessels at noon February twenty-sixth, as well as the winds ex-

perienced by them at the same time." ********
On page 115 and following pages to page 137, 1 find the following

account,which I have somewhat abridged in the translation, to suit the

purposes of this paper.

" On February 25th 1860 at 9 A. M. the vessels at anchor in the

roadstead of St. Denis, received orders from the port authorities to

put springs on their cables, slip and stand to sea. A continually fall-

ing barometer, a heavy swell (bore) and squalls from the S.E. in short

every appearance of the weather indicating a storm approaching.

The vessels in other quarters had been under way for several days,

so that, at this moment, all the roadsteads of the colony were abandon-

ed. In getting underway from St. Denis the vessels stood out on the

starboard tack close hauled ; but the rain, which fell abundantly, soon

shut them out from view of some of their commanders who stood on

the shore watching the manoeuvres of their vessels with a very natural

anxiety. "What they (the vessels) did after this time, and the perils

which they encountered has been learned from the logs or the reports

of each one as follows :

The wind was steady from S.E., which indicated that the center of

the storm would not pass far from Reunion, and consequently that the

vessels at sea would find themselves nearly in its track ; therefore,

several of the captains better informed than the rest, or perhaps,

having more confidence in the cyclonic theory of storms, did not hes-

itate to put their ships before the wind in order to cross the storm

track in front of the center and take refuge in the manageable semi-cir-

cle. Four of them VAngele, la Sonime, l'Alfred (colonial) and la

Vidorine, adopted this course. (Plate II Fig. 4.)

TJAngele (Captain Barraud) from Saint Lew on the 22nd of Febru-

ary bound for La Possession was the first to decide on this course, and
the captain in his report expresses himself as follows : On the 25th

of February at ten A. M. being about fifteen miles N.KW. of cape

Bernard on the starboard tack, seeing the barometer at 747""" (29.40 in)

and still falling, the appearance of the weather bad and getting worse

and the wind steady from S.E. I judged that I was on the track of the

advancing storm. The sea was not yet very heavy and I decided to
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scud, according to the storm theory, and filled away without any acci-

dent. I ran N.W. under my close reefed raaintopsail.* At 4 P. M.

the sea had increased considerably, the rain fell in torrents, and the

violence of the wind was much greater. I was then about seventy

miles N.W. of St. Denis, and still continued my course under the

same sail. My vessel being only half loaded behaved perfectly well in

this way."

At 8 P. M., barometer had reached 744°"" (29.291 inches) below

which point it did not fall.

From this moment the wind and sea commenced to moderate, but I

nevertheless continued my course.

Midnight 26th February (25th & 26th) the wind hauled to South,

and during the night to S.W. and west, moderating very much. I fol-

lowed the direction of the wind by scudding, until 10 A. M. on the

26th, at which time, finding myself at a safe distance from the center,

I brought the ship to on the starboard tack, with the wind at west

;

barometer 747°"°(29.40 inches.) The wind was still strong, but the sea

was less heavy and the vessel did not labor much.

The vessel was kept hove to on the starboard tack until 6.00 A.M.

February 27th, when Captain Barraud, seeing the weather almost en-

tirely re-established, decided to profit by the N.W. wind to regain the

anchorage.

This vessel arrived at St. Denis, where she called before proceed-

ing to the roadstead of La Possession, her destination, on the 29th

of February, without having suflfered damage of any kind, not even

the loss of a sail ; in short, she was in perfect order and ready to pro-

ceed to sea immediately.

It is interesting to remark how firm was the confidence on the

part of Captain Barraud in the law of storms, which, as we have seen,

was well justified.

At 8 P. M. on the 25th he had scudded for ten hours, during

which time the wind and sea had increased, the barometer steadily

fallen and the weather grown worse and worse. Under such circum-

stances, must he not stop ? Is the" law of storms so well established that

one may blindly confide in it? And, finally, ought one to continue

running seaward when the weather gets worse in proportion as the

land is left in the distance ?

" Captain Barraud did not hesitate, he knew very well that he was

* No other sail is mentioned but it may be taken for granted that he had

some sail forward also.
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Bearing the center, but he also knew that the wind would soon change

and moderate, and that he would rapidly distance the center, so he

continued scudding. At 10.00 P. M., he crossed the line of the axis

of the storm track, about eighty-tive miles from the center, and after

midnight the wind veered to S.W. and west, and moderated as he had

anticipated. The vessel scudded twelve hours before crossing the tra-

jectory of the storm, and ran from one hundred and twenty to one hun-

dred and thirty miles before reaching the manageable semicircle.

M. Ansart, Lieutenant de Vaisseau, commanding the corvette La
Somme had the same confidence in the law of storms and reaped the

same benefit. This corvette left St. Denis' roadstead at 9,00 A. M. on

the 25th February under sail and steam, and stood out on the star-

board tack N.E. carrying storm stay-sails and mizzen. At 2.30 P. M.

the commander, seeing the wind blow steadily from S. E. and constant-

ly increasing, the barometer fall and the sea rise higher and higher,

thought that by keeping on his course he would pass very near the

center, and decided to run oflT to the N.W. The wind and sea increased

steadily during the evening and at midnight the S.E. squalls became

intense ; barometer had fallen to 744 ""^ (29.29 in.) the rain fell in

torrents without intermission and the ship rolled terribly. Still he

continued to scud. At 4.00 A. M. on the 26th the barometer had fall-

en to 742 "" (29.21 in.) and the wind was S.S.E. At 6.00 A. M., the

wind was S.S.W. and it was evident at this time that the ship had

crossed the track of the center. Captain Ansart knowing that he was

then in the manageable semicircle, hove his ship to on the starboard

tack under the storm-mizzen. The squalls had reached their maxi-

mum force, and the rain beat with a violence unheard of. About 11.00

A. M., the sea running very high, the ship took a deep pitch, during

which a part of the jib was carried away. The barometer contiuued

falling until noon when it reached its lowest stand 740 """ (29.13 in.)

From this moment the barometer began to rise, the sea moderated,

and the violence of the wind gradually subsided as it veered to the

west and N.W. The following morning, (the 27th) at 8 o'clock, the

weather had so far moderated that the corvette set a course for the an-

chorage at St. Denis where she arrived at noon on the 28th.

From the extract of this Journal (log) it is seen that the corvette,

having filled away at 2.30 P. M., did not reach the axis of the storm

track until about 3 o'clock the following morning, and that she had run
for about twelve and a half hours without any sensible change of wind,

and it will be readily admitted that it required a good deal of faith
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in the law of storms to persevere in the manoeuvBe under these circum-

stances.

The corvette having started to run later than VAngele, must have

passed nearer the center in crossing the trajectory, and such in effect is

the fact, she having passed sixty-seven miles in front of the center at

the time of crossing the line of its axis.

Instead of stopping to heave to at 6.00 A. M., it would have been

better to have continued scudding for several hours more ; the wind

being only at S.W. shows clearly that the center was still drawing

nearer."

(The storm was travelling W.S.W. 7 miles an hour.)

L'Alfred and La Victorine were the other two vessels that scudded

during this storm. These two fared rather worse than the first two,

in consequence of their having started to run at a later hour. L'Al-

fred crossed the track at 10.00 A. M. on the 26th and passed within 45

miles of the center with her barometer marking 736"" (28.98 inches)

and La Victorine crossed the track at 3.00 A. M. on the 26th and passed

within 35 miles of the center with her barometer standing at 730°"" (28.74

inches) but all four arrived safely in the roads after the storm, and

without any more serious damage than the loss of a few sails and a

couple of boats."

La Lise-et-Berthe, La Ville de Saint Denis, le Pacifique and le

Washington are four vessels which, after getting a good offing, hove to

on the port tack and rode out the storm. (The proper thing to do.)

L'Eugene et Amelie, le Veaune and I'Ange Oardien, a.vQ three ves-

sels that kept their starboard tacks aboard and stood out to sea ; were

thrown in contact with the center and barely escaped total wreck.

St. Vincent de Paul, le UApres and le Meunier, are three vessels that

by keeping their starboard tacks aboard were carried into the center,

from which they were unable to disengage themselves, and were eventu-

ally wrecked on the coast of Madagascar, whither they were carried by

the storm.

L'Albert le Grand, le Bryeron and le Courier des Antilles, are three

vessels that disappeared and were never heard from.

Captain Bridet gives the names of twenty-five other vessels that by

bad manoeuvring, got either into or near the center, and sustained more

or less damage, amounting in all to 3,368,882 francs, or % 660,300.87

with a loss also of eight officers and forty-seven men.

A detailed account of the manoeuvring of most of these vessels is
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also given, but the above is sufficient for my purpose, as I simply wish

to show, that Mr. Blasius, in citing this case as proof of the fallacy of

the cyclone theory, is all wrong, and that the newspaper article to which

he refers was entirely erroneous.

This case to the contrary, owing to the vast amount of reliable data

collected from it, furnishes more conclusive proof of the correctness of

the cyclone theory than any other case on record ; inasmuch as the re-

ports in this case cover every part of the stormdisk, and Captain Brid-

et an educated seaman, interested in the work and on the spot, shows

clearly and distinctly, that every Captain who conformed to the rules

laid down by Redfield and Reid, escaped unhurt, while those who did

not were either totally lost or sustained serious damage ; and I will

venture to say without depreciation of science, or discourtesy to its

devotees, that until the meteorologist shall have solved the whole prob-

lem of the storm mystery, and be able to demonstrate satisfactorily the

course of the winds within the stormdisk, we must depend on the sea-

man who comes from the Ocean storm center to tell us how the winds

blow there ; and, until some better system, based upon a more correct

knowledge of the storm area, is devised for avoiding the dangerous cen-

ter, it will scarcely be prudent to discard the time-honored and tried

rules of Redfield, Reid, Dove and Piddington. It is pleasant and profit-

able to discuss these things on shore, but the ofiicer who finds himself

in a storm at sea, ought to have a fixed plan of action, lest by argument

and experiment he loses valuable time, perhaps, even ship and crew.

From a careful study of the foregoing examples of actual experience,

as well as from a great quantity of similar information, both written

and unwritten, most of the latter from persons direct from the storm-

disk,* I am convinced, and assert without fear of contradiction or criti-

cism, my belief that the winds within the area of an ocean storm blow

* All of this last matter was collected by myself and carefully worked
up, during a term of about two years (1872 to 1874). It included reports of

cyclones in the Indian Ocean, Bay of Bengal and China Sea from between
fifty and sixty vessels, and contained excellent data of about a dozen sepa-

rate and distinct storms. I had written it on thin Japanese paper in pencil,

and for want of time to reduce it to a smooth copy on proper paper, had so

packed it in a trunk when I was about to leave Japan for the United States

in 1874. This trunk was dropped overboard alongside a Pacific mail steam-
er in Yokohama harbor, and some seven or eight hours later when I dis-

covered the accident, my manuscript was reduced to a pulp and utterly il-

legible. 1 had however drawn my conclusions from the information it con-

tained, and the opinion expressed in this paper is chiefly based thereon.
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in circles or practically so, and that in mid-ocean where there is room
to manoeuvre, the only way to avoid danger or damage is to conform

absolutely to the cyclone rules. But, I am also satisfied that in the

vicinity of land the stormdisk is more or less distorted according to

the character of the land, the angle of contact * with it, and the rate

of forward movement of the storm ; and, inasmuch as two of these ele-

ments are always uncertain, no rules can be framed for such a case. If

however, the angle of contact is small, say less than 20°, although the

wind on the side of the storm nearest the land would doubtless draw
along the coast, yet the seaward side would probably not be much af-

fected by it, or the winds on that side be sensibly deflected from their

normal direction ; but if greater than 20°, it may reasonably be expect-

ed that the entire stormdisk will be distorted in proportion to the re-

sistance offered by the obstructing medium and the consequent check

given to the part of the storm nearest to it, which, of coui-se, depends up-

on the angle of contact and the velocity of the storm. Except in very

extreme cases, where the wind would be deflected six or seven poiuts, the

variation of the wind from the cyclone point will probably not exceed

four points, and if it be remembered that the effect of the flattening in

of a cyclone will always be to bring the center nearer the land than

the direction of the wind would seem to indicate, the bearing of the

center even in such a case might be estimated pretty closely by mak-

ing allowance for the deviation of the wind.

But wherever there is a doubt on this point there is a corresponding

impossibility of discussing the subject intelligently, and the fate of the

ship depends after all upon the judgment of the commander.

The latest work (as far as I know) which pretends to deal with cyclones

as a specialty, is published by the British Meteorological office, prepared

under the direction of Captain Henry Toynbee, Marine Superintend-

ent, London, England, and ti'eats of the I^^orth Atlantic storm of Au-
gust 1873. It is elaborately illustrated by charts and diagrams, con-

structed from the data of two hundred and eighty ships' logs and a

number of shore observations, extending over the entire area of the

North Atlantic. These observations have been reduced as nearly as

possible to the moment of Oh. 43m. Greenwich time (P. M.) and so

plotted on the charts, one of which is prepared for each day of the

month, furnishing at a glance information as to the direction of the

wind, atmospheric pressure, temperature, &c.

* By the angle of contact. I mean : The angle foi'med by the line of the

axis of the storm track with the line of the coast.
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It supposes the formation of a cyclone in the vicinity of Cape de

Verde islands on the 12th August, but no perceptible development of

cyclonic winds occurs until the 14th when the position of the center is

assumed from later observations to have been about 14° N. latitude

and 37J° W. longitude. The cyclone, from this point, is represented

as travelling W.N.W. on a curve trending more northwardly as

it nears tlie West India islands, and still more to the northward after

passing St. Thomas, to a point about two hundred miles west of Ber-

muda ; after which it takes a north-easterly course until it strikes the

south shores of Newfoundland where it is supposed to have spent itself

on the 27th, as no trace of it was found after that date. By projecting

a circle with a radius of three hundred miles from the center, as

marked each day on the charts, I find that the number of observations

obtained within the storm area proper, varies from one to thirty daily,

after the 18th when the storm was fully developed, to the 27th when
it broke up, in all about eighty-six observations.

From these data Captain Toynbee concludes that the wind, instead

of blowing in circles, has a mean indraft of about 29° or in other

words that the angle between the direction of the wind and the bear-

ing of the center is about ten and a half points instead of eight points

as taught by the cyclone theory. A table on page eighty-nine show-

ing the mean of one hundred observations, gives a mean angle of 119°.

On page 88 is a diagram, (Plate II, Fig. 6), showing the probable

course of the wind in the stormdisk, plotted from observations on the

25th of August when the position of the center was pretty well known.

On August 23d at llh. 20m. A.M., an American mail steamer (Al-

bennarle) hove to north of the center (distant about two hundred and

twenty-five miles by chart) to ascertain the course of the storm, and
having laid to for two hours without a change of wind and with a fall-

ing barometer (from 29.94 in. to 29.80 in.) the master concluded that he

was on the track of an advancing storm, and at Ih. 20m. P.M., started

to run N.W. by W. wind E. by S. a little on starboard quarter. At
4h. 40m. P.M., barometer again registered (29.94 in.) wind and sea

had moderated and the squalls were less frequent.

From 4h. 40m. P.M. (23d) to 4h. 40m. A.M., (24th) barometer re-

mained steady, during which time as the wind backed to the north-

ward the ship steered W.N.W., West, W.S.W., S.W. and South which
course she was steering at 4h. 40m. A. M., at which time the weather

was more moderate, without squalls and clearing. After this time she

resumed her course S.S.E. i E. the barometer rising gradually.
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By a glance at the diagram (Fig. 5) it would appear that such a

manoeuvre was not possible, and therefore it may reasonably be sup-

posed that this diagram does not correctly represent the circulation of

air in the storm during the 23d and 24th when the Albermarle did per-

form it.

Again we have a diagram by Dr. Meldrum (Plate II. Fig. 6) which

like the above I have roughly copied from page 88 and Avhich is

supposed to represent the circulation of air in the Mauritius hurri-

cane of February 25th, 1860, the same as heretofore alluded to at Re-

union island. By a glance at the diagram it appears that a vessel

running before the wind must inevitably bring up in the center ;
and

yet Captain Bridet in his account of this same cyclone has clearly

shown, that four (4) vessels did cross its track running before the

wind, one of them within thirty-five miles of the center and all escaped

without serious injury. It is not necessary, neither have I time or

space in this paper to criticise this work as under other circumstances

I might. I will simply say, that, as a purely meteorological work it is

doubtless very valuable, but as an expos^ of the cyclone problem it

cannot be classed very high, for the simple reason that the system of

simultaneous observations confioed to one particular moment of each

day as is the case in this instance, is not calculated to give very satis-

factory results in this respect, and beyond the fact of showing that a

storm actually did pass over or near the track projected on the diagram

accompanying the daily charts, it has proved nothing new. The mere

fact of a gust of wind rushing wildly toward the center for ten or fif-

teen minutes, about the time for which the chart is plotted, does not by

any means disprove the circular theory. Every seaman who has ever

had the responsibility of a ship in a gale at sea, knows very well, how

anxiously he has stood on the quarterdeck watching his close-reefed

main-topsail and wondering whether it would stand such another flap

as the last one, or whether the next would split it into a thousand

pieces.

It must be remembered in this connection that the author and ad-

vocates of the cyclone theory do not claim that the winds blow abso-

lutely in circles, such as would be formed by steel springs bent into that

form ; it is well known that certain irregularities in the course of the

winds due to local disturbances frequently take place within the storm-

disk, and Mr. Redfield in the " American Journal of Science and the

Arts," second series No. 1, page 14, says:* " When in 1830, I first at-

* See also Piddington's Hornbook, page 108.
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tempted to establish by direct evidence the rotative character of gales

or tempests, I had only to encounter the then prevailing idea of a gen-

eral rectilinear movement in these winds. Hence I have deemed it

sufficient to describe the rotation in general terms, not doubting that

on different sides of a rotatory storm as in common rains or sluggish

storms, might be found any course of wind, from the rotative to the

rectilinear, together with varying conditions as regards clouds and

rain.

The common idea of rotation in circles, however, is sufficiently cor-

rect for practical purposes and for the construction of diagrams. * *

=^ * * The degree of vorticular inclination in violent

storms must be subject, locally, to great variations ; but it is not prob-

able that, on an average of the different sides, it ever comes near to

forty-five degrees from the tangent of a circle, and that such average

inclination ever exceeds two points of the compass may well be

doubted."

The incurving of the wind and a few isolated irregularities in its

course, is all that appears to me to be proved by this investigation of

the August storm, and this knowledge, as I have shown, is not new.

There is evidently need of more information on this subject, but it is

not attainable by the system of simultaneous observations as now prac-

tised ; this I admit will greatly assist the investigation, but if we wish

to know what is going on in a storm five hundred miles east of cape

Henry, or anywhere else beyond the limits of the signal-service-men on

shore, we must send seamen there in ships to find out, and to this end

we must educate and interest our merchant-seamen in the work, by in-

structing them how to observe and how to record their observations.

This work has been inaugurated and is now fairly started by the

U. S. Hydrographic office at Washington, D. C, where Journals are

prepared in a desirable and convenient form and issued free of charge

to any and all seamen who will promise to keep them faithfully and
return them to the office when filled. These Journals contain, besides

the forms for recording observations, full and complete instructions as

to the manner in which they should be kept and are embellished with

elaborate illustrations and explanations of the instruments employed
in making the observations.

By this method only can we hope to settle the much disputed ques-

tion of: How the winds blow within the stormdisk.

I trust the day is not far distant when this important undertaking

shall be crowned with all the success it deserves, and when every sea-
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man, naval as well as merchant, shall feel that he has a special and

personal responsibility to meet in connection with this work, and when
in consequence, he shall prosecute his researches to the full extent of his

opportunity for doing so.

A few years of lively investigation of this kind will make up for

lost opportunities in the past and most of us here may reasonably hope

to see the final solution of the storm problem, at least that part of it

which afiects the management of a ship and the manner of avoiding

danger.

There are certain other things which might properly come within

the scope of this paper, such as cyclones following each other, traveling

near each other on parallel tracks or crossing; but all such cases are

so fully discussed in all the standard works on storms that it is not nec-

essary here to say anything about them.

The action of the barometer and the indications of a storm as well

as the rules for avoiding it are matters of general interest and doubt-

less familiar to all of us, I will therefore touch but briefly on these

points before concluding.

KEMARKS ON BAROMETER AND STORM INDICATIONS.

Barometer. The barometer as an instrument of warning, and also

an approximate measure of the distance from the center of a cyclone is

of vital importance to the seaman.

First. The barometer generally indicates the approach of a storm

by a restless oscillating motion of the mercury, caused by a disturbed

condition of the atmosphere in the vicinity of a storm and the con-

sequent passage over it of atmospheric waves of different heights.

These oscillations have been observed to vary from a just perceptible

motion to 0.02 inches.

Second. The barometer often rises suddenly just on the border in

front of a storm, by reason of the air banking up there, and therefore,

if the clouds and general appearance of the weather indicate the ap-

proach of a storm the rise in the barometer, if any occurs, is no guar-

antee that it will not come, but rather a sign that a severe storm is

coming. (The barometer will probably not rise much in front of a

slowly moving storm.) Had the captain of the Francis Henty properly

interpreted his barometer, he would have remained westward of the

islands and kept out of trouble.

Third. A very rapid fall of the barometer after fairly entering the
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stormdisk, may be regarded as evidence of a very violent storm of

small diameter, and a gradual fall would indicate the contrary.

Fourth. If a vessel by any accident was caught in a cyclone, situated

as the vessel which in a preceding paragraph I have pictured on the east

coast of Formosa, the knowledge of her distance from the center would

be all important, even if it could not be determined nearer than fifty

miles, and to aid navigators in determining probably within that dis-

tance, the distance from the center, a table is published in Pidding-

ton's Horn book, 3d edition, page 252, which I give here for what it is

worth, and which in an extreme case may prove of service.

Average fall of Bar pr. hour Distance in miles from Center.

From .02 in. To .06 in. " From 250 To 150 .

" .06 in. " .08 in. " " 150 " 100

" 0-08 in. " 0.12 in. " " 100 " 80

" .12 in. " .15 in. " " 80 " 50

I have compared the fall of the barometer in a great number of

cases with the above and generally found the result very favorable.

The indications of the approach of a cyclone do not differ mate-

rially from those of the ordinary gale ; but a few such, as a hard steel

gray sky or having a greenish tint, a blood red or bright yellow sunset,

a heavy swell unaccounted for in any other way, and a thick lurid ap-

pearance of the sky, may be regarded in connection with a general

threatening appearance of the weather, and particularly with a restless

state of the barometer, as significant signs of a more than ordinary

gale, and, whether seen separately or together, ought not to be disre-

garded.

When by any of these signs or by the action of his barometer the

navigator has reason to suspect that a cyclone is not far distant,

his first care is to devise a plan for avoiding it, and if he knew pos-

itively the direction of its course this might sometimes be accomplished.

An approximate idea of the storm's movement in certain localities may

be had by an inspection of a cyclone chart such as is found in the

standard works on storms—but although the cyclone tracks generally

lie in the same direction and as a rule not very far apart, probably

not more than four or five hundred miles at any given point, yet it

does not follow as matter of course that every cyclone travels over the

beaten track, and therefore, there is no certainty that the approaching

storm will do so. By a knowledge of the tracks in the locality the

navigator may, however, try to avoid it, but if after doing his very

best to efiect this he is still caught in the storm, he must then as quick-

ly as possible determine his position in the stormdisk and the course
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of the storm. This may always be done by a knowledge of the follow-

ing few, simple facts committed to memory, viz.:

RULES FOR AVOIDING THE CENTER.

Right Skmicikcle—Wind changes to the right N. E. S. W., heave

to on starboard tack.

Left Semicircle—Wind changes to the left N. W. S. E., heave

to on port tack.

This is all that is necessary to place the ship in a safe position north

or south of the equator until the course of the storm is determincfl.

This may further be reduced to six words, by associating the direction

of the change of wind, with the semicircle of the storm and the tack

to heave to on—and taking them in this order we would have for the

right semicircle: Right Right-Starboard, and for the left semicircle:

Left-Left- Port.

In order to simplify the problem as much as possible, I have dis-

carded the terras: Dangerous semicircle and manageable semicircle

and substituted right and left semicircles. The right semicircle being

that portion of the stormdisk situated on the right of the axis of the

storm track, looking in the direction of its course, and the left semi-

circle^^he portion of the stormdisk lying on the left of that line.

ROTATION OF WIND,

Northern hf:misphere—from Right to left N. W. S. E., left

handed, or, in nautical language, against the sun.

Southern hemisphere—from Left to Right. N. E. S. W., right

handed, or, as a sailor would say with the sun.

BEARING OF CENTER.

Northern hemisphere—8 points (90°) to the right of the wind

point, looking in the wind's eye.

Southern hemisphere—8 points (90°) to the left of the wind

point, looking in the wind's eye.

Two bearings of the center with an interval of from 2 to 3 hours

between will in general be sufficient to determine the course of the

storm, provided an accurate account has been kept of the ship's way
;

but if the storm is moving slowly a longer interval may be necessary.

There are but two points in the stormdisk of a cyclone where a vessel

hove to will not experience a change of wind—one is in front of the

center on the line of its axis and the other in rear of the center on the

aame line ; for these two cases the barometer must be the guide—in

front of the center it falls and in rear of the center it rises.
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There are also five points in the storm disk of a cyclone, where a

vessel may run along with the storm, parallel to its course, and at

equal speed; without having any change of wind, and with a steady

barometer.

NORTHERN HEMISPHERE.

1st. In front of the center on the line of its axis. "Wind on star-

board beam.

2ud. Anywhere in the right forward quadrant. Wind on starboard

side abaft the beam,

3rd, In rear of center on the line of its axis. Wind on port beam.

4th. Any where in the right rear quadrant. Wind on port side

abaft the beam.

5th. Abreast and to the right of the center. Wind aft.

SOUTHERN HEMISPHERE.

1st. In front of center on the line of its axis. Wind on port beam.

2nd. Anywhere in the Left forward quadrant. Wind on port side

abaft the beam.

3rd. In rear of center, on the line of its axis. Wind on starboard

beam.

4th. Anyxvhere in the left rear quadrant. Wind on starboard side

abaft the beam.

5th. Abreast and to the left of center. Wind aft.

The above manoeuvres are possible providing sail can be carried, but

only three of them are advisable, viz : the position abreast of the

center, in the rear quadrant, and in rear of the center. Running along

with the storm in front of the center or in the forward quadrants should

never be resorted to, as an accident to sails or spars, temporarily disab-

ling the vessel, would at once place her in great danger of being over-

taken by the center.

TO RUN OUT OP THE STORM IN THE NORTHERN HEMISPHERE.*

Right Semicircle. Haul by the wind on starboard tack and car-

ry sail as long as possible ; if obliged to heave to, do so on starboard

tack.

Left Semicircle. Bring the wind on starboard quarter. Note

the direction of the ship's head and steer that course. If obliged to

heave to, do so on port tack.

On the STORM track in front of center. Square away and run

before it. Note the course and keep it, and trim the yards when the

* See Storm card, Northern Hemisphere. Plate III.
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wind draws on the starboard qiuirttT. If, linwcvcr, obliged to heave

to, do so ou port tack.

On the 8TOKM TRACK iu rear of center. Run out with wind on

starboard quarter, or lieave to ou starboard tack.

TO RUN OUT OF THE STORM—SOUTHERN HEMISPHERE.*

Right Semicircle. Bring wind on port quarter. Note the course

and keep it. If obliged to heave to, do so on aturbourd tack.

Left Semicircle. Haul by the wind on port lack. Carry sail as

long as possible, and if obliged to heave to, do so on port tack.

On the storm track in front of center. Bun before it. Note the

course and keep it, and trim the yards as the wind gradually hauls on

the port quarter. If obliged to heave to, do so on the starboard tack.

Os the storm track in rear of center. Bun out with the wind

on ])ort quarter or heave to on port tack.

A rise iu the barometer, improvement of the weather, and a gradual

abatement of the force of the wind, will result from the above manoeu-

vres ; and the ship should in each case be kept on her course until by

these signs it is made evident that she is out of danger.

All the above manoeuvres depend of course on sea room, and the

ability to carry sail. If sail cannot be carried or land interferes, the

ship must be hove to on the starboard tack iu the Bight semicircle,

and on \.\iq port tack in Left semicircle, and never otherwise. The old

popular idea of heaving to on the starboard tack in the northern hem-

isphere and ou the port tack in the southern hemisphere, under all cir-

cumstance:*, has been revived by a late writer,t and is advocated even

by some seamen. I strongly protest against this practice as being like-

ly to lead to the destruction of life and property.

It is asserted as a reason for doing so, that a vessel so disposed lies

with her head from the center, which is true; but she also lies with

her quarter to the sea, even if she is not taken aback and swamped be-

fore the wind has headed her off that far. A vessel will not head reach

laying- to under storm canvas, probably nothing but a storm mizzen, and

the suggestion is so unseamanlike, that I am inclined to believe that

those who write on the subject and recommend such a thing are not fa-

miliar with the management of a ship in a gale ; and, that the seamen

who hold such opinions, have not given the case the consideration it

deserves; in other words, that they have forgotten all about the sea, in

the dread contemplation of the center.

* See Storm Card. Southern Hemisphere. Plate III.

t Mr. Kellar.
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It must be remembered that the wind changes much more rapidly

than the sea ; and I have laid to in the right semicircle of a cyclone

in the southern Indian ocean on the starboard tack, Avhen in the heav-

iest sea near the end of the storm, the ship was lying nearly head on to

the seas. It is not necessary to state here what would have been her

position with respect to the sea or the inevitable consequence, had she

been on the port tack.

It sometimes occurs, although the cases are very rare, that a cyclone

takes a sudden turn, and recurves on its track so much as to render a

vessel liable to run into it a second time.

Colonel Keid, in his work on the Law of Storms, (page 173 and fol-

lowing,) recites a remarkable instance of this kind, which occurred in

the year 1809, in the Indian ocean, southward of the island of Maurit-

ius, A cyclone was encountered by H. M. S. CuUoden, convoying a

fleet of the Hon. East India Company's ships, bound homeward, near

the twentieth parallel of latitude; at which time the storm was travel-

ling about W.S.W., and after passing over the fleet continued its course

until near the twenty-fifth parallel, when it suddenly turned towards

the E.S.E., and the fleet steering about S.W., ran into the storm a sec-

ond time, and several of the ships were lost.

But at that time nothing was known of the Law of Storms, and the

popular thing appears to have been to scud before a gale, which some

of these vessels did, and were lost in consequence, being in the left

semicircle where they ought to have laid to on the port tack, instead

of attempting to cross the storm track by scudding.

A similar case occurring at the present day, would be very much
simplified, as we can readily locate the center and determine the direc-

tion of its movement.

In conclusion I would say : Although my argument has been made

in support of, and as far as may be to prove what many will doubtless

say has been an established fact for fifty years, (with which opinion I

am myself in perfect accord), yet in view of the fact, that efforts have

in late years been made to overthrow a system, which, during the same

length of time (nearly) has been the only safeguard to navigation as far

as coucerns ocean storms ; and further, that as these efforts have not only

failed to stand the test when compared with facts, but have suggested

no new or better method by which to insure the safety of a ship at sea,

I have thought myself justified in thus occupying your time and try-

ing your patience, and I trust I may not have been mistaken.
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The PRF.SinF.NT. I will simply say tlmt I, mysolf, havo had onportiinitios

of verifyiiii!; the circular thcurv of liurricaiu's wliicli is so j^riicrally rtfccivcd,

I mean th« theory of Ri'iilii'Ul ; iind I have, by followmg thu rules laid

down by iiim, avoided storm centers.
When I was first in the East Indies, I gave n great deal of attention to

storms. The opinion at which I arrived after much exjierience and read-

ing on the subject, was in entire conformity with IledlieUrs theory. The
incidents of the hurricane themselves wi-re not different from those record-
ed in books. I acted upon the assumption that KedfieUi's theories were
rijrht and in practice I found them true. I believe that Espy's theory is

wrong, and will not stand invest ligation.

Kear-Admiral J. J. Ai.MY. If there are no further remarks on this sub-
ject, I move that the tlianks of this meeting be tendered Lieut.Command-
er Nelson for the very instructive paper he has read to us this evening.
The motion was carried unanimously.
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The problem to be solved in designing the machinery of a vessel may
be stated in general terms as follows : a given amount of power is to be

developed for a given length of time at a minimum of cost. It must

be borne in mind, however, that the cost of the developed power does

not comprise only the interest on the capital representing the original

cost of the machinery, the money value of the fuel consumed, the wear

and tear, and other running expenses,—but includes the value of the

weight of the machinery and the fuel, and of the space occupied by them,

in so far as they reduce the carrying capacity of the vessel. For a

steamer designed to trade between certain ports it is easy to determine

what ratio the expenses should bear to the carrying capacity, to make

the vessel a remunerative investment. The total cost of driving a ves-

sel with a certain power may be calculated in dollars and cents, and

compared with the value of her carrying capacity and speed ; and the

proportions promising the greatest relative economy may thus be de-

termined.

This exact method cannot be applied to naval vessels; the value of

the different qualities which a nian-ofwar must possess, cannot be

measured by a commercial standard, nor are these qualities of the

same relative importance under all circumstances.

In the following investigation we will not consider vessels designed

for special purposes, as torpedo-boats, rams, floating batteries, <fec., but

have only regard to cruising vessels intended for general service, in

•which either the armament, or the speed, or the ability to keep the sea

a long time becomes, according to circumstances, the most important
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factor of efficiency. Experience has determined what fraction of the

whole weight of the vessel, and how much space is to be allotted to the

motive power, to the armament and to the equipment respectively, to

render the general efficiency of the cruiser a maximum. The problem

to be solved in designing the steam machinery consists in making such

use of the space and weight allotted to the machinery and the fuel, as

to produce the greatest possible effect ; and the efficiency of the ma-

chinery is to be measured by a two-fold standard, viz., 1st, by the total

distance through which the vessel can steam at various rates of speed,

and 2ud, by the highest rate of speed which can be maintained for a

certain length of time. The cost of the fuel, an important element in

the efficiency of a mercantile vessel, is of relatively small importance

in the case of a man-of-war.

There are a number of important conditions not to be lost sight of in

the design of the machinery of a cruising man-of-war,—demanded by the

varying nature of her service, and imposing many restrictions on the

designer. It must be borne in mind that the greatest power which the

machinery is capable of developing will be called into use only on ex-

ceptional occasions ; that, therefore, the vessel must steam most eco-

nomically with a fraction of the total power ;—that to be prepared for

all emergencies, the boilers must be able to generate steam rapidly

;

that the machinery must preserve its efficiency under all the varying

conditions of long cruises at any part of the world, with few facilities

for repairs, and often for many months without an opportunity for

those periodical examinations, cleanings and adjustments, which are so

essential for the preservation of the efficiency of all machinery. Be-

sides it is not sufficient to give such structural strength to certain parts

of the machinery, especially to the boilers, as is demanded by the

stresses produced when worki;ig with the greatest power, but the effect

of violent concussions by ramming or the explosion of torpedoes, and

the chances of penetration by shot, must be taken into consideration.

To protect the machinery against this latter contingency in an unarm-

ored vessel, it has to be placed as low as possible, the waterline being

generally assumed to be the extreme limit which any vital part of the

machinery is allowed to reach. This restriction in regard to height

not only necessitates an increase in the space occupied by the machin-

ery in the length and breadth of the vessel, but it often precludes the

adoption of arrangements which would insure greater economical ef-

ficiency.

These considerations are sufficient to indicate that the economy and
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efficiency of the stenm power of mercantile nnrl nftvfil vessels can not be

measured by the same Htaiicbinl, aiul that there are also e«.sfntial dif-

ferences iu tlie choice of the j^eneral arran^aMnents and of llie details uf

Ct)nstruction of the boilers of these two classes of vessels.

In modern cruising vessels of the English and French navies, of

more than til teen hundred tons displacement, the total weight of ma-
chinery, fully etpiipped for service, is from twenty to twenty-five percent,

of the displacement, and the weight of fuel carried in the bunkers varies

between ten and fifteen per cent, of the displacement ; and with these

proportions, the highest number of indicated horse powers developed

by the machinery is from ten to twenty-five per cent, greater than the

number of tons representing the displacement of the vessel. In recent-

ly constructed vessels of the French navy the proportion of weight of

machinery to displacement is, on the whole, somewhat greater than in

English vessels, at the expense of their armament and equipment; but

in the two fast English despatch vessels, the Iris and the Mercury, the

weight of machinery forms nearly twenty-seven per cent., and that of

the fuel twenty per cent, of the total displacement, and the highest

number of indicated horse-powers developed by the machinery of the

Iris was more than twice as great as the number of tons representing

the displacement of the vessel.

The weight and space required for a given type of the engines proper

may be considered as being very nearly a fixed quantity for a given

number of indicated horse-powers. But the weight and space required

for boilers capable of furnishing a given power may vary considerablv,

depending, first, on the form of their shell, the arrangement of their

internal parts, and their location in the vessel with regard to each oth-

er; secondly, on the rate of combustion and the economic evaporative

efficiency of the boilers.

The return tubular boiler, witli the tubes arranged directly over the

furnaces, combines so many advantages respecting economy in weight

and space, and general maintenance, in comparison with its evapora-

tive efficiency, that it is almost universally used on board of sea-going

vessels, and in fact it is called the marine boiler par cxrellenc. When
this arrangement of tubes is departed from, it invariably entails a loss

of space in the vessel, and it is done, therefore, only under exceptional

conditions: for instance, in vessels of very light draught it maybe
necessary to reduce the height of the boiler by placing the tubes on a

level with the furnaces instead of above them, in order to get the boil-

er below the water-line of the vessel. The vertical tubular boiler of
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the Martin type, which formed for many years a distinctive feature of

our naval steamers, has of late almost disappeared, having given way
to the horizontal tubular boiler. We cannot enter farther into the

question of the relative merits of these two types of boilers, than to

state that, while the vertical water-tube boiler has the advantage of

greater economical evaporation, the horizontal tubular boiler is capa-

ble of developing more power because it is capable of maintaining a

higher rate of combustion, with natural draught.

As far as the form of the shell is concerned, two types of boilers have

to be considered, viz., the rectangular boiler and the cylindrical boiler,

each possessing peculiar merits. The question, which of these two

types is better adapted for naval purposes, is an intricate one, and can

be solved only after a thorough, long-continued, practical test. At
present we can give only a brief statement of their respective charac-

teristic features, and point out how they bear on the question of eflS-

ciency and economy in the performance of naval vessels. Modifications

or combinations of these two forms, like the semi-cylindrical, the oval,

and the cylindrical lobe boiler, may be used under special conditions
;

but, in general, they possess the defects of both types without their most

characteristic advantages; they need not be considered here any far-

ther. The oval boiler is, however, used very extensively at present ia

the English Navy.

The rectangular boiler, which depends for its strength almost entirely

on the bracing, is nearly universally used in naval vessels as long as

the steam pressure does not exceed forty or forty-five pounds per square

inch above the atmosphere. The principal advantage connected with

the rectangular shell, lies in the fact that it utilizes the whole of the

space occupied by it in the vessel, and is easily adapted to any arrange-

ment of the interior parts. Seven furnaces, having an aggregate grate-

surface of about one hundred and forty square feet, and the required

heating surface, viz., from twenty-five to thirty times the area of the

grate-surface, may be arranged within a single shell about twenty-five

feet long, from nine to ten feet wide, and from nine to ten feet high.

This whole space is utilized to the best advantage for the purposes of

generating and storing the steam, and little more water is carried than

is necessary to ensure proper circulation. It is readily seen, that the

greater the area of grate-surface contained in a single shell, the less

will be the weight of the boiler relatively to its power ; it is, however,

impracticable to make marine boilers much longer than twenty-five

feet.
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When the steam pressure exceeds forty-five pounds per square inch,

the use of cylindrical boilers becomes advisable. The cylindrical shell

possesses a special fitness for resisting an internal pressure, which pro-

duces on every portion of it a uniform tensile stress ; in this manner it

is exempt from the evils resulting from the varying bending stresses to

which, in the rectangular boiler, each portion of the shell lying between

adjacent braces is subjected, and which must ultimately cause leaks

around the rivets, open the seams and separate the fibres of the metal.

The bottom of the cylindrical boilers, inside and outside, can be made

much more accessible for examinations and repairs, tliau is the case

with the rectangular boiler. For these two reasons we may assume

that, under like conditions of working, the cylindrical shell is more

durable than the rectangular shell. It is stated by Lloyd's surveyors

as a matter of experience, that in cylindrical boilers the flat ends,

which are stayed in the same manner and experience the same strains

as rectangular shells, deteriorate much quicker than the cylindrical

shell. In the event of perforation by shot, the chances of destruction

would probably be equal for both types of boilers ; but it may be as-

sumed that the cylindrical boiler will bear violent concussions more

safely than the rectangular boiler. The diameter of the cylindrical

shell is limited, of course, by the height which the boiler is allowed to

attain ; and thus, in vessels of relatively light draught, the number of

cylindrical boilers has to be increased as their diameter decreases. This

subdivision of the boiler power has its advantages, as well as very seri-

ous disadvantages. One or more of these boilers may be disabled with-

out crippling fatally the motive power of the vessel. When it is desira-

ble to use only a fraction of the boiler poAver, it is more economical to

disconnect completely several of these boilers, than merely to reduce

the grate-surface in the large rectangular boilers. The violence of

boiler explosions depends on a variety of circumstances ; but it appears

that the damage done by them bears some ratio to the quantity of

water carried in the boiler, and this quantity is necessarily much less

in each of the smaller cylindrical, than in the large rectangular boilers.

On the other hand, the great number of separate attachments required

by the numerous cylindrical boilers, increase greatly their cost, weight

and liability to derangement. But the most serious objection to cyl-

indrical boilers, is the fact that this form does not utilize the space oc-

cupied completely. A cylindrical boiler twelve feet in diameter may

contain three furnaces, each three feet in diameter. Two of these

boilers placed side by side, occupying almost exactly the same tpace in
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the length and breadth of the vessel as the above mentioned rectangu-

lar boiler, but being about two feet higher, contain fourteen per cent,

less grate-surface ; and this loss in area of grate, relatively to the area

occupied by the boilers on the floor of the vessel, increases rapidly as

the diameter of the boilers decreases.

The question whether cylindrical or rectangular boilers should be

used in naval cruising vessels, must be determined according to the

rule regarding the measure of efficiency, laid down in the beginning of

this essay. The saving in fuel, due to the use of steam of a high press-

ure, must be sufficient to counter-balance the loss in weight and space

due to the substitution of the high-pressure cylindrical, for the low

pressure rectangular boiler; or to state this point more precisely, with

the same aggregate weight and space allowed for boilers and coal, that

type of boiler which enables the vessel to steam a greater distance at

the same rate of speed, is the preferable one. This question cannot be

decided by deductions drawn from theoretical rules, or from the results

of special trials of short duration; but a careful comparison of data

furnished by repeated trials under all the varying conditions of a cruise

can alone give a final answer.

It may be proper to remark here, that the space required for the

boilers includes also the fire room. The natural arrangement of the

boilers in pairs opposite to each other, with the fire room running be-

tween them in a fore and aft direction, will not be departed from, ex-

cept when, as in some English vessels of recent construction, the hold

of the vessel is sub-divided by longitudinal bulkheads into water-tight

compartments, and a diflTerent arrangement of the boilers becomes a

necessity, notwithstanding the loss in space, and the many other incon-

veniences produced thereby.

With the ordinary types and arrangement of boilers, the space re-

quired for them is in the direct ratio of their grate-surface ; but this

ratio is greater for cylindrical than for rectangular boilers, and in-

creases as the diameter of the cylindrical boilers decreases.

The efficiency of the machinery of a vessel is frequently measured

by the number of horse-powers developed per square foot of grate sur-

face. Leaving out of account the efficiency of the engines proper, the

power of the boilers is measured by the weight of steam generated in

a unit of time, and dej^ends on the proportions of calorimeter and heat-

ing surface to grate surface, and on the rate of combustion, or the

weight of a given kind of fuel consumed per square foot of grate-sur-

face per hour. The calorimeter aud heating surface determine the
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quantity of heat per unit of weight of fuel available for the purpose of

generating steam ; by augmenting the heating surface, the weight and
bulk of boilers are necessarily increased, and a limit is soon reached

where the economical advantage resulting from such an increase van-

ishes The rate of combustion determines the total heat available for

the evaporation of water in a unit of time ; but with given proportions

of the boiler, the weight of steam generated per pound of fuel dimin-

ishes with an increased rate of combustion. Consequently, when a

given weight of steam is to be generated, or in other words, a given

amount of power is to be developed for a given length of time, this re.

suit may be obtained in two different ways; viz., either large boilers

with a low rate of combustion, but high economic evaporative effici-

ency, or smaller boilers with a higher rate of combustion but lower eco-

nomic evaporative efficiency, may be used ; in the first case, the weight

and space required for the boilers will be greater, while the weight and

space required for the fuel will be less than in the second case.

It is necessary to determine that rate of combustion and those propor-

tions of the boilers, for which the aggregate weight and space required

for boilers and fuel, in order to develop a certain power for a given

length of time, become a minimum. It is evident that, the longer

the time during which the power is to be developed, the greater

will be the loss of fuel due to a diminished economic evaporation with

an increased rate of combustion : consequently, the rate of combustion,

which gives the most economical results in respect of weight and space

required, is a decreasing function of the time during which the power

is to be developed. This question is discussed in a very instructive

manner by Chief Engineer Isherwood, U. S. N., in the second volume

of his " Engineering Researches." Basing his conclusions on data de-

rived from the numerous boiler experiments made under his direction,

he finds that, measured by economy in the aggregate weight and space

required for boilers and fuel, the most advantageous rate of combus-

tion for steaming during 200 consecutive hours, is about twelve pounds

of anthracite coal per square foot of grate per hour, when the heating

surface of the boiler is twenty-five times the area of the grate surface,

and the calorimeter is one-eighth the area of the grate. The tables

given in the above mentioned work furnish the ready means to calcu-

late the eflTects which a change in the rate of combustion, or in the

length of the steaming time, has on the economy in space and weight,

and thus to determine the most efficient proportions of the boilers, in so

far as their efficiency is measured by the length of time during which
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they are capable of furnishing a given power with a fixed. amount of

aggregate weight and space required for boilers and fuel.

We have assumed that a second measure of the efficiency of a vessel-

of-war is the highest speed which she can maintain for a certain length

of time. It may be all-important at times to push the development of

power, that is to say the speed of the vessel, up to the highest possible

limit, irrespective of economical considerations. To this end the rate

of combustion must be increased far beyond the economical limit
;

and it is an important question, how much the power of a given boiler

can be increased by incl'easing the rate of combustion.

Isherwood states that " wlien the boilers are placed in the hold of a

vessel, and the air has to reach their ash-pits through the restricted

hatches of the decks, an air-current from the upper deck to the ash-pits

having to be produced at the expense of the draught of the boilers,"

and " the calorimeter being one-eighth of the grate surface, the heat-

iug-surface twenty-five times the grate surface and the chimney sixty

feet high above the grates"—"it is found experimentally, that the max-

imum rate of combustion by natural draught is, for the horizontal

fire-tube boilers, sixteen pounds of anthracite per square foot of grate-

surface per hour." This rate of combustion is 38 per cent, greater,

and furnishes 15 per cent, more steam than the rate which was found

to be most economical in respect of weight and space required for two

hundred hours steaming. Any further increase is impossible with an-

thracite coal, unless the draught be aided by artificial means.

When, on the other hand, a free burning bituminous or semi-bitu-

minous coal is used as fuel, from sixteen to twenty pounds can be burn-

ed economically in marine boilers per square foot of grate per hour

with natural draught ; and by urging the fires, this quantity may be in-

creased to twenty-seven pounds with certain kinds of coal. For an
increased rate of combustion it becomes necessary to increase the pro-

portions of heating-surface and calorimeter to grate-surface, in order

to preserve the economic evaporative efficiency of the boiler, and this

causes a slight increase in the total weight of the boiler relatively to

the area of its grate. The space required to stow the bituminous coal

is from five to fifteen per cent greater than that required for an equal

weight of anthracite ; this greater bulk of the bituminous coal is,

however, fully offset by the greater amount of refuse in ashes and
clinker produced in the combustion of our anthracite coals. Our
Pennsylvania anthracites give on an average from twelve to twenty per

cent, of refuse, while the better classes of English semi-bituminous coal
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produce only from six to twelve per cent, of ashes. The saving in

weight and bulk of boilers due to the increased rate of coiubustiou is

80 great, that all the lines of transatlantic steamers use semi-bitumi-

nous coal exclusively, although its cost in our market is fully fifty per

cent, greater than that of anthracite. The average rates of combus-

tion of a large number of steamers of different lines running between

New York and England, range between thirteen and nineteen pounds

per square foot of grate per hour.

The use of semi-bituminous coals has the additional important ad-

vantage for ships of war that steam can be raised with them in a much
shorter time than with our hard anthracites ; they are, therefore, used

on the naval vessels of all foreign, nations, England furnishing the

chief supply to most of the European countries. Great care is exer-

cised in selecting these coals according to the service to be performed

by the vessels. French naval vessels, during trials and for special ser-

vice, burn Newcastle and Cardiff coals, mixed in equal proportions
;

for ordinary service, French coals, mixed in various proportions ac-

cording to their more or less bituminous character, are used.

No coal is accepted unless it produces less than two per cent, of

clinker, and less than thirteen per cent, of soot and ashes. In the

English Navy, all cruising vessels burn now a mixture of equal

weights of the smokeless, friable Welsh coal and of bituminous North

Country coal ; for trials and special occasions a carefully picked

Welsh coal, containing not more than six per cent, of refuse, is fur-

nished. The English have made repeated trials of burning the hard

Welsh anthracites in their naval vessels, but the result was such a

large reduction in the rate of combustion, and, consequently, such a

falling off in the highest speed of their vessels that the attempt had

to be abandoned. In fact, English and French writers generally con-

sider the use of hard anthracite coals as fuel for marine boilers as im-

practicable.

The selection of anthracite as fuel for our naval vessels was the

result of the extensive experiments and investigations made, by au-

thority of Congress, in the years 1842-43 by Professor Walter Johnson

of the Smithsonian Institution. Pure anthracite will evaporate more

water per pound of fuel in a steam boiler than coals containing various

proportions of bituminous substances : its freedom from smoke and re-

latively small liability to deterioration from exposure are great advan-

tages in favor of its use on board of cruising vessels. But it is evi-

dent that means must be provided to increase the ordinarily slow rate
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of combustion with this coal, if our boilers are to produce the same

power per square foot of grate-surface as foreign naval vessels. In the

first place the chimney of our boilers should be made as high as prac-

ticable ; and neither the arrangement of the rigging, nor mere sesthet-

ical considerations should be allowed to limit its height. Special at-

tention should also be paid to giving to the air the freest possible ac-

cess to the fire room. In the second place special machinery must be

provided to increase the draught of the boilers artificially.

The U. S. S. Mackinaw and Eutaw had vertical water-tube boilers

of the Martin type ; the proportions of heating-surface and calorime-

ter to grate-surface being respectively as 25.18 to 1, and as 1 to 7.5.

With natural draught the highest rate of combustion was 11.67 pounds

of Pennsylvania anthracite coal, producing 16.6 per cent, of refuse.

Forcing air into the ash pits by means of a fan-blower raised the rate

of combustion to twenty seven lbs. of the same kind of coal ; and by in-

creasing, in this manner, the rate of combustion 131 per cent, the

total horse power of the boilers was increased from 75 to 85 per cent.

This method of blowing air directly into closed ash pits is connected

with such serious inconveniences that it can be used only under excep-

tional circumstances. When the fire room is enclosed by tight bulk-

heads, it is a good plan to produce an increase of pressure in the fire-

room by forcing air into it. With an open fire room an exhaust fan

connected with the chimney would promise good results, but the prac-

tical difficulties connected with its application are great. The sim-

plest means of increasing the draught is the steam jet, which may be

applied to any boiler, and no naval vessel should be without it. It is

true, it is wasteful, but it has the great advantages of occupying no

useful room, of being of inexpensive construction, and of not being lia-

ble to derangement. Isherwood found that the rate of combustion of

anthracite coal in naval boilers might be increased 73.89 per cent,

with an expediture of 9.73 per cent, of the steam by the jet; and that

the jet used 8.21 per cent, moi-e steam of the total amount evaporated

than the fan, for equal rates of combustion.

The foregoing inquiry will show how important it is, in designing

the machinery of naval vessels, to distinguish between the means of at-

taining the most efficient cruising speed, and the higliest possible speed

of the vessel ; the former must determine the dimensions and propor-

tions to be given to the machinery, so as to secure the greatest efficien-

cy with the allotted weight and space ; the latter determines the limit

of the capacity and strength of certain parts. Disl^re states that for
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the pursuit of the ordinary merchant fleet in time of war a speed often

knots would be sufficient for a cruiser ; and Barnaby, Chief Construct-

or of the British Navy, assumes that cruising vessels of about nineteen

hundred tons displacement should attain a speed of not less than thir-

teen knots on the measured mile. Accepting the opinions of both

these authorities as correct, we must give such proportions to the boil-

ers of our ordinary cruising vessels as will enable them to steam for the

greatest length of time at a speed of ten knots an hour, with a given

space allotted to, and weight of, machinery and fuel ; and since for a

speed of thirteen knots more than double the power required for ten

knots has to be developed, we must provide means which make it pos-

sible to increase the rate of combustion correspondingly. For instance,

in case the vessel is to be able to steam with the amount of fuel in her

bunkers, at the rate often knots an hour for ten or twelve consecutive

days, the grate surface would have to be proportioned so as to furnish the

required power with a rate of combustion of from seven to eight pounds

of anthracite coal ; and in order to drive the same vessel at a speed of

thirteen knots, the rate of combustion would have to be increased to

about twenty four pounds of anthracite coal for the same grate-surface.

Vessels designed for the special purpose of intercepting mail steam-

ers and fighting the fast cruisers of the enemy require not only a high-

er possible speed, but their machinery should be proportioned so as to

attain the greatest efficiency at a relatively higher rate of speed than

is done in the former class of vessels.

It may be instructive to illustrate some of the principles laid down
in this essay by an example taken from our own naval service. The

U. S. S. Quinnebaug, a.nd class, have a load-draught displacement of

nineteen hundred and ten tons. Their engines were originally dupli-

cates of those of the four vessels of the Alaska class, but were convert-

ed from simple engines into compound engines, using steam of eighty

pounds pressure above the atmosphere. The steam is furnished by ten

cylindrical boilers having a diameter of eight feet, and a length of

eight feet one inch. Each boiler contains a single cylindrical fur-

nace-tube, and the horizontal return-tubes are arranged over and at the

sides of the furnace. The aggregate area of grate-surface in the ten

boilers is two hundred and forty square feet, and the ratio of heating

to grate-surface is 24 to 1. The boilers are placed opposite each other,

five on each side of the vessel, with the fire-room running fore and aft,

between them. One telescopic smoke pipe, fifty feet high above the

level of the grates, is common to all the boilers.
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The arrangement of the coal bunkers differs somewhat in the several

vessels of this class, but most of them carry one hundred and eighty

tons of anthracite coal ; one-half of this amount is stowed behind and

around the boilers, and the other half is carried on the berth deck, in

bunkers forty three feet long, running on each side of the vessel in the

wake of the boilers. Neglecting these berth-deck bunkers, the total space

occupied by the machinery and the fuel comprises the whole width and

seventy-one feet in the length of the vessel below the berth-deck : the

length of the engine room is twenty-three feet nine inches ; the length of

the fire room forty-four feet, and the width of the space occupied by boil-

ers and fire room, twenty five feet nine inches from bulkhead to bulk-

head.

The coal carried by the Quinnehaug (one hundred and eighty tons)

is 9.4 per cent, of the displacement of the vessel. The total weight of

the machinery equipped for service, including water in boilers, stores

&c., is three hundred and sixty tons, or 18.8 per cent, of the displace-

ment. The weight of the machinery is distributed as follows : engines,

steam pumps, stores &c., including everything abaft the after fire room
bulkhead,mone hundred and sixty -six tons; boilers and all attach-

ments and appurtenances, including floor plates and coal bunkers^
one hundred and sixty tons; water in boilers=rthirty -four tons. During
the steam trial of the Quinnebang in Chesajjeake Bay, in December,

1878, a speed of 12.9 knots was maintained for one hour; the highest

speed logged was 13.21 knots ; but the mean speed for six consecutive

hours was 11:65 knots, the engines developing 1102.89 I. H. P. with

seventy-one pounds of steam in the boilers, and a combustion of 11.6

lbs. of anthracite coal per square foot of grate per hour.

According to these results a speed of ten knots would require 700 I.

H. P. to be developed, and could be maintained with a consumption of

seven lbs. of anthracite coal per square foot of grate per hour, or

eighteen tons a day, and the vessel could steam at this rate for ten days.

In order to maintain a speed of thirteen knots, the rate of combustion

would have to be raised to about twenty-three lbs. per square foot of

grate. The high speed attained during the trial for a limited period of

time, shows plainly that the boilers were deficient in power relatively to

the capability of the engines. Their low rate of combustion is to be

attributed to the contracted space in the back connections, and to the

faulty arrangement of the tubes. The influence of this arrangement

on the economic and potential evaporation of these boilers, is discussed
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in an article in the last number (March, 1879) of the Franklin Institute

Journal.

The draught through the lower tubes is so sluggish, that they become

choked with ashes in a short time, and after a few days' steaniiug, the

rate of combustion falls to nine pounds of anthracite per square foot of

grate. Another serious disadvantage of the arrangement of the tubes

in this boiler is the fact that it renders the crown sheets of the furnace

and the bottom of the boiler practically inaccessible for cleaning.

This type of boilers seems to have been adopted in order to place them

as low as possible in the vessel, and to reduce the weight of water car-

ried by them to a minimum; these considerations, however, must be re-

garded as of minor importance, compared with the questions of power

and durability. The small height under the berthdeck beams of these

vessels, barely permits placing boilers one foot larger in diameter into

them.

There are building now at the Washington Navy Yard, some cylin-

drical boilers for the U. S. S, Nipsic. They are nine feet in diameter,

and are nearly nine feet long. Each boiler has two cylindrical furnaces

thirty-four inches in diameter, and contains thirty-two square feet of

grate surface. The tubes are arranged in the usual manner over the

furnaces, and the boilers are perfectly accessible above and below the

furnaces. The ratio of heating to grate-surface is 25.6 to 1, and of

grate to calorimeter, 7.08 to 1 ; with these proportions and a chimney

fifty feet high, the rate of combustion with natural draught, ought to

be fourteen pounds of anthracite per square foot of grate. Eight of

these boilers would contain two hundred and fifty-six square feet of

grate-surface, or 6.Q per cent, more than the Quinnebaug's boilers, and

with the above rate of combustion, they should develop eighteen per

cent, more power than the Quinnebaug's boilers developed on her trial.

At the same time these new boilers would occupy 4.5 feet less room in

the length of the vessel ; nearly the whole of this space, however,

would be required for additional bunker-room, since the greater length

of the boilers diminishes the capacity of the side bunkers.

The total weight of these new boilers, fully equipped for service,

would be about fifteen tons greater than the weight of the present boil-

ers, entirely on account of the greater quantity of water carried by the

larger boilers.

Two rectangular boilers having two hundred and forty square feet of

grate-surface in fourteen furnaces, would occupy 18.5 feet less space in

the length of the vessel, and would weigh twenty tons less, including
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water and all attachments, than the present Quinnehaug's boilers. The
room saved by the use of rectangular boilers would be sufficient to stow

about ninety tons of coal, that is to say double the quantity which the

vessel now carries in her hold, or all she carries in her berth deck

bunkers. We cannot carry this comparison any farther at present

The foregoing may serve as an illustration of the mode of inquiry to

be pursued, in determining the relative merits of different types of

boilers. In conclusion we will remark, that, whatever our opinion may
be about the merits of the compound and simple engines, we cannot

shut our eyes to the fact that there is a growing tendency towards the

use of higher pressures of steam for marine engines. Necessity will

stimulate invention to overcome the serious difficulties which still limit

pressures to eighty pounds per square inch. In case further improve-

ments in the manufacture of steel boiler plates, and the discovery of

some means which will effectually prevent the present rapid deteriora-

tion of marine boilers, should permit the use of a smaller factor of

safety in boiler construction, than is at present found necessary, the re-

duction in weight would be relatively much greater for the cylindrical

than for the rectangular boiler. A reduction in the space occupied by

the machinery in the vessel can be attained, as far as it depends on the

performance of the boilers, only by an artificial increase in the rate of

combustion, by means which do not entail a large expenditure of power,

or a great decrease in the economic evaporative efficiency of the boilers.



Lieut. McLean. Mr. Chaii-m.in. I move that tlie Institute tender a
vote of thanks to Mr. Roelkkk for the interesting paper he has read this
evening.
The motion was carried unanimously.
Lieut. Mc Lean. 1 would like to ask Mr. Roelkek if he has an}' data or

information in regard to the diflfurences in the economic efficiencies of tlie

high pressure boilers with compound engines and the low pressure boilers
with simple expansive engines when compared at low rates of speed and
medium pressures. I ask the question because I think he has treated only
of the high rates.

P. A. Eng. Roelkek. I have no data to offer at present which would be
valuable. 1 liave endeavored to show in my paper that the economic effici-

ency of boilers of Naval vessels should not be measured by tlieir economy
at the highest rates of speed.

Lieut. Mc Lean. I would like to ask what the life time of these boilers
is at 80 pounds pressure? How do they compare m point of economy in
five or six years service with rectangular boilers, taking into consideration
the high steam^pressure requiretl?

P. A. Eng. Roelkek. The introduction of compound engines and of
these high-pressure boilei-s into our naval vessels is of comparatively re-
cent date, so that we have not yet sufficient data to say positively what tlie

life time of these boilers will be, in comparison with rectangular low-
pressure boilers. Still, there is no reason why the liigh pressure in itself

should cause these boilers to deteriorate quicker. Since the cylindrical form
is best adapted to resist internal pressures, and the cylindrical boiler can
be made more accessible and all its parts can be adjusted with greater pre-
cision to resist the various stresses; I think that the cylindrical boiler, even
when used with high pressures, will be found to last 'onger than the rect-
angular boiler, proviiled it be worked under the same conditions as far as
corrosion and similar intiuences are concerned.

Lieut. Tannek. I think that practice has pretty well demonstrated the
fact that, in merchant or naval steamers running over regular routes, the
cylindrical high pressure boiler has a life equal to if not greater than the
rectangular low pressure boiler.

But I wish to ask, Mr. Chairman whether the gentleman does not think
that, under the conditions existmg in the naval service, where as a rule
strange men are put into the tire room at the commencement of a cruise,
the life of the cylindrical boiler woultl be much siiorcer, relatively, than that
of the rectangular low pressure boiler under the management of the same
men?

P. A. Eng. RoELKKR. I do not see why the inexperience of a lireman
should shorten the life of our boilers so considerably. One of the princi-
pal reasons why the cylindrical boiler has a better chance for life is, that
it can be made perfectly accessible in every part. In rectangular boilers

there are always a great many nari'ow water spaces formed by llat surfaces,

which have to be stayed every eight or nine inches, and thus access to these
parts of the boiler is prevented. Consequently all sorts of deteriorating
matters accumulate and rest thei'e. Tliis fact together with the peculiar
bending stresses pi'oduced upon every part of the shell, is the principal
cause of rapid decay, especially at the lower parts, of rectangular boilers.

Cylindrical boilers have relatively few such spaces that are not accessible.

The interior cannot only be inspected, but can be scraped and cleaned reatl-

ily. That is a process which does not require especial skill. Therefore I

do not see why these boilers should deteriorate more rapidly than the rect-

angular boilers in the navy, especially when it is proved that they last so
much longer or equally as long in the merchant marine.
Of course tiie cylindrical boilers should be of sufficient diameter to ad-

mit of such arrangements as to make all parts accessible. These boilers
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in some of our vessels are too small, and made so on account of the low-

decks, and they are tlierehy deprived of the advantages I have just spoken of.

Lieut. Tannek. I referred more particularly to the cylindrical boilers,

as they ai'e constructed for the smaller classes of Naval vessels, where tlie

space below tlie beams, and water line, is so small that the boilers can have
but little water over the tubes, the evaporation vei-y rapid, the number of
boilers greatly inci-eased, each requiring a high order of intelligence and
constant watchfulness on the part of the firemen and water tenders, who
are enlisted men, and as a rule, strangers to the Engineers in charge,
strange to the ship, and that type of boiler—would not the danger of burn-
ing out tubes, if not more serious accidents, be greater than with the low
pressure rectangular boiler under the management of the same men?

In comparing the relative value of the high and low pressure boilers in

the merciiant marine and naval service, we must take into consideration
the fact that in tlie former, the leading men in the engine and fire room are
usually identified with the boilers from the time they are placed in the ship,

and soon become thoroughly acquainted with every detail necessary to their
safe and economicjil management.
Under the present system in the navy, these men are enlisted and sent on

board when the ship goes into commission; they are strangers to the En-
gineers in charge, to the ship, and pei-haps, to that type of machinery.
My question is, would not the chance of accident from the burning out of

tubes, etc., be greater than with the low pressure rectangular boiler under
the management of the same men?
The Chairman. As I understand the question, it is that the complica-

tions of the cylindrical boiler are such, that it requires more care to run it

than it does in the case of a rectangular boiler.

Lieut. Tanner. The water space in cylindrical boilers as they are con-
structed for the smaller classes of naval vessels, is much less than in the
rectangular boiler; the evaporation much more rapid, tJie number of boil-

ers much greater, each requiring the same cai-e and constant watchfulness;
the men in the fire room at tlie beginning of the cruise are strange to the
ship and, perhaps, to that type of boiler. All these causes tend greatly to
increase tiie liability to accident, and shortening the life of the boiler.
That is the point I make and ask the gentleman if I am not right ?

P. A. Eng. RoELKER. That is a point to which I tliink I made allusion
in my paper, saying that the multiplication of boilei-s and of all other at-

tachments naturally produces complications; and certainly on that account
there is greater liability to derangement. Of course wherever the machin-
ery is multiplied, the chances for derangement increase. In these vessels,
for instance, which I took as an example, we have ten boilers, and even if

we increased the size of the boilers to the greatest admissible diameter, we
would require eight separate boilers. If we used rectangular boilers, we
would put two boilers into the vessel, and there is no doubt that these eigiit

boilers would require four times as much care as the two boilers. Also,
these small boilers carry relatively less water than the others, and the water
level will fall much quicker than in the larger boilers. Therefore there ia

undoubtedly a greater chance of accident from this cause; but the number
of accidents which have happened on that account, to my knowledge, have
been very few; surprisingly few. The coming doAvn of a crown sheet is

not a very unusual thing in any vessel. Merchant vessels are just as liable
to it as men-of-war. The thing has happened Avith rectangular boilers as
well as with these small cylin(irical boilers. No doubt a greater amount of
care is required, and liability to accident is increased, as the number of
boilers is multiplied.

Lieut. SciiRoEDER. ]Mr. Chairman, I think it a great pity that we sliould
renounce an improved boiler, one which we think best, and give as a rea-
son why it shouKI not be adopted, that we have not got suiliciently expert
firemen to attend to it. I deem tliat a question that should not be admitted
into the argument.
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Lieut. Mc Lean. T wish to ask if at ordinary speeds, say seven or eight
knots, the compound engine with its boilers as found in our vessels, is more
economical, or at least as economical, in fuel, space, and other essentials, as
the simple expansive engine with lighter cylindrical or rectangular boilers?
Is not the present system better designed for a high speed at an econom-
ical rate, than for a cruising speed to be maintained for a long lime?

P. A. Eng. Rop;lkeh. As to the relative economy of the high pressure
compound, and the low pressure single expansive engines, when working
with reduced power, there exists still a great diversity of opinion among
engineers; and I have not been able to collect a sufficient number of relia-

ble data to settle this question definitely in my mind. For this reason I

have spoken, in the paper which I have read, of the efficiency of boilers
without reference to the efficiency of the engines proper. I am quite con-
vinced, however, that the selection of the type of machinery for naval ves-
sels should be determined by the relative economy in developing; the power
required for, what I called, the most efficient cruising speed in time of war;
and while the engines should be proportioned with a special view to the
economical, development of this power, they must possess sufficient dnnyth
and capacity to work otf all the steam which the boilers can generate with
their highest rate of combustion. The English seem to follow a different

course in proportioning the machinery of their naval vessels. They pro-
portion their boilers to steam economically at a low rate of speed, burning
about ten pounds of semi-bituminous coal on the square foot of grate per
hour; when necessary the rate of combustion of this coal can be increased
to twenty-three pounds per hour without the use of artificial draught. But
their engines are proportioned so as to work economically with the power
due to this high rate of ccmibustion, and in consequence they are wasteful
of power and steam at the lower rates of speed, which the vessels have to

maintam nearly throughout their whole lifetime. Let us take as an ex-
ample, the vessels of the Garnet class, which ai-e very nearly of the same
size as our Qitinnebaug class of vessels. Their displacement, at load
draught, is eighteen hundred and sixty-four tons, or forty-six tons less than
that of the Quinnebang ; they liave, however, three feet more beam than
the latter vessel. Their grate-surface is almost exactly the same as that of
the Quinnehaug, viz. : two hundred and forty-tive square feet. The Gar-
net has sufficient height under her berthdeck beams to carry boilers ten feet

in diameter, and of these she requires only six, while the Quinuebaug has
ten boilers, eight feet in diameter, on account of the small height under her
berthdeck beams: for this reason, the boiltu-s of the Garnet occupy eleven
feet less space in the length of the vessel than the Quinnebaug^ s boilers.

But the engines of the Grtr;^ei are much larger than those of the Qitinnebaug,
and, apparently, proportioned to work economically, wiien developing the
highest possible power, viz. : twenty-one hundred indicated horsepowers.

The Garnet has two-cylinder compound engines.
Diameter of high pressure cylinder, 57 inches.

Diameter of low pressure cylinder, 90 inches.

Length of stroke, 33 inches.

Steam pressure in boilers. 60 lbs. per sq. inch.
Highest number of revolutions, 90 per minute.

The main dimensions of the Quinncbatcg''s engines are as follows:

Diameter of high pressure cylinder, 42 inches.
Diameter of low pressure cylinder, 64 inches.
Length of stroke, 42 inches.
Steam pressure in boilers, 80 lbs. per sq. inch.
English engineering journals have criticized severely this policy of the

English naval authorities, of proportioning the engines of their vessels for

a power Avhich can be deveU)ped only under the exceptionally favorable
conditions of a trial, and which will rarely be approached in the whole after-
life of the vessel.
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Lieut. JoTiN H. Moore. Mr. Chairman; Mr. Roet.ker has stated that
European navies use semi-bituminous coal in tlieir vessels. I would like

to ask if any better results would have been obtained in the recent trials

of the Qiiinnehaug if tliis semi-bituminous coal had been used.
P. A. Enir. H(»f.i.ker. More power would undoubtedly have been devel-

oped, but the boilers Iiave not the proportions required for the economical
use of semi-bituminous coal. This coal experiences great waste and dete-
rioration from transportation and long stowage, and produces much soot
which lessens, often greatly, tiie heating efficiency of the boilers. But for a
short trial of speed the use of that coal gives much better results than an-
thracite. The ditierence is this, as I have already stated; under the most
favorable circumstances, the boilers being constructed with a special view
to attaining a high rate of combustion, not more than sixteen pounds of
anthracite can be burned on the square foot of grate per hour, with natural
draught; while twenty-three or twenty-four pounds of semi-bituminous
coal are always burned during the full-power speed trials of English ves-
sels.

Lieut. Moore. During the trial of the Quinnebaug did she have any
means of obtaining artificial draught from a jet or fan?

P. A. Eng. RoET^KER. That I am not quite sure of. Some of the boilers
were designed to iiave a steam jet, but whether they were all supplied with
it I cannot tell. There were no fan blowers. In such trials jets are not
made use of, because too large an amount of steam would be expended.
All tiie trials which we make, are made with a natural draught in order to
test the capabilities of boilers and engines under ordinary conditions ; in
fact, that is the difference between the trials of our engines and those of
the English service. They test their vessels under exceptional conditions;
we test ours under the ordinary conditions of service. The English use a
fuel that is specially selected for trial purposes. It produces only about
six per cent, of refuse, being hand-picked and delivered in the most perfect
condition on board the vessel. The firemen have only to throw it into the
furnaces and keep the fires properly leveled. A special body of men is se-
lected from the Reserve to do duty as firemen during each trial. Our ves-
sels as soon as tiiey are ready for a cruise, Avith their stores aboard, steam
out with the ordinary coal Avhich is to be used during the cruise. The coal
used during this so called full-power speed-trial may be good, bad or in-
different. The firemen, also are generally newly enlisted men, and often
possess little experience and skill in firing. On this account we may say
that actually we do not even try our vessels under conditions as favorable
as obtain ordinarily in the service, because the men profit by their experi-
ence in the course of a cruise.
Our naval vessels on foreign stations very often use Welsh coal and I

think it would be a good plan for our vessels to try the mixed fuel which is

used in the English and French services; that is a mixture, in equal pro-
portions, of this Welsh and of bituminous coals. The bituminous coal
acts in binding the small p.articles of this Welsh coal together and tiiereby
prevents waste of coal through the grate. But whether the substitution of
this semi-bituminous coal for anthracite for general cruising purposes would
be an improvement, it is hard to tell at present.
Rear Admir.al Jenkins, (Vice President.) While in China, we used the

Cardiff or Welsh coal in our ships and we found that the British Admiral in
charge; of the British Squadron in China, bought a lot of it for the sake of
economy. We also used the Japanese coal, called Takasima, and found
it cheaper than our own coal.
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* * * The Duchemin Compass.* " The ordinary compass nee-

dle offers to the two magnetic currents of tlie earth, a surface merely

narrow arid longitudinal. Reason tells us that the greater the surface

which the compass offers to the immense action of terrestrial magnet-

ism, the greater and more positive will (other things being equal) be the

resultant effect. This thought has been on my part the object of long

meditations, and I have had the idea of creating, by utilizing the artifi-

cial currents which we possess, and by conceiving a new process of mag-

netization, the magnetized circular bar or circle with two magnetic poles

at the extremity of the same diameter. This magnet possesses two

neutral lines, which give a complete surety against the displacement of

the magnetism ; the figure obtained by means of iron filings placed

above the magnetized ring, attests the perfect distinction of the mag-

netism in the circle.

From this idea has arisen the compass with a circular needle, whose

conception was at first received with marks of profound incredulity and

irony.

Duchemin's Compass t
with two concentric circular needles and steel traverse connecting the

poles. The maximum magnetization is at the North and South points

respectively, decreasing to zero at East and West, as shown by the shading

upon the circles.

* Extracts from " Experiences Pratiques de la Boussole Circulaire,

faites a bord des Navires de I'Etat et de la Marine Marchande. Adoption de

cet instrument sur TEscadre. (Huitieme Edition : Revue et Augmentee).

Par Emile Marin Duchemin, Laureat du Congres International des Sciences

Geographiques de 1875," by Allan D. Brown, Lieut.-Comd'r. U. S. Navy.

1 1 am indebted to Cadet Mid'n. Hunicke, U. S. Navy, for the admirable

drawing from which this electrotype has been made. A. D. B.
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The circle, maguetizcd by a special process whicli gives maguetic

stability, placed upon a pivot, or suspended by a thread from its center,

constitutes a true comj)ass, the north pole poiuting to the south, the

south pole to the north. The poles being considerably farther apart

than in the ordinary straight needle, the terrestrial attraction is conse-

quently multiplied. Further, the circle forming a symmetrical figure

about the point of suspension, its mechanical stability is greater ; the

mass acted upon by terrestrial magnetism being thus augmented, it is

clear that the oscillation of the nautical circular compass is less uneasy

under the blows of the sea, than that of the ordinary straight needle.

From these different points of view, the circular compass is deemed as

a true step in advance, which the trials at sea have fully confirmed.

To give an idea of the magnetic force of this instrument, (a force

which can be augmented by the addition of concentric circles, and of a

traverse of steel, itself magnetized and forming an armature) I will add

that a circular compass of 20'*'"" in diameter, caused in an ordinary

needle a deviation of from 45*^ to 70°
; under the same conditions the

ordinary needle caused a deviation of but 17° or 20°.

Experiments on board the Fao7i.

These were divided into two series: first those upon the ordinary

compass designed to ascertain the value of the circular compass when

placed under the same circumstances as the former ; second, those look-

ing to the correction of local influences by the addition of a movable

concentric magnetized circle. For the first series an ordinary mariner's

compass, having a needle 20'*"'" in length, previously magnetized to sat-

uration, was compared with a magnetized circle of the same exterior

diameter ; the two compasses were placed under the same conditions as

to pivot and agate. Following are some extracts from the report.

' Sensibility. The sensibility of the circular compass leaves nothing to

be desired; it is superior to that of the ordinary needle. Removed from

the magnetic meridian, the circle returns more quickly than the needle,

although the friction of the tirst is greater, since the weight of the entire

system is one hundred and forty-one grammes, while that of the ordinary-

card is but sixty two. It may easily be conceived that it may be pos-

sible to store up in a circle more magnetisixi than in a bar, and that with

equality of weight. By simple inspection of a magnetized circle this may
be comprehended; besides a needle magnetized to saturation allows the

fluid to escape at the ends, if it is desired to charge it more : it is not the

same with a circle.'

The report establishes the fact that the concentric circle augments

the sensibility of the circular compass while giving it additional direct-
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ive force. To my mind this circle has another advantage ; it seems to

correct the time or the length of the oscillations, that is to say, if a

compass with one circle gives a period of four minutes of oscillation,

the second circle will by its presence diminish about one-half the du-

ration of this period. I can say with the report, that during all our

passage, with a smooth as well as with a rough sea, we have never

found the circular compass asleep ; and that the helmsmen have been

able to detect the slightest variation of the course by a simple inspec-

tion of the card.

' Mechanical Stability. The oscillations of the circular compass about its

position of equilibrium, are less than those of the ordinai-y card; this may
be seen, a priori, by reason of the equality of the moment of inertia in

evei-y respect,'

With the ordinary compass this equality is obtained by utilizing ad-

ditional weights, or by means of a complication of bars which aug-

ments the weifrht of the instrument: but is this not to the detriment of

the directive force ?

In the circular compass this equality of inertia exists of itself, and

the parts of the circle which contribute to its mechanical stability con-

tribute also to its directive force: this fact is incontestable. I find its

proof in the employment of a plated brass circle by certain construct-

ors: this circle is not, in the opinion of sailors, applied to the compass

without great detriment to its directive force.

' Evidently, like the ordinary compass, the circular compass oscillates

with the rolling of the vessel ; but its oscillations are slow and are not to be
compared with those of the former. The vessel rolling greatly in a heavy
sea, the helmsmen take their bearings without any uneasy movements of

the compass.

In a smooth sea, the liquid compass sleeps in a lazy manner, while the

circular compass has a stability almost equal to that of the other, and a sen-

sibility very superior to it.

Magnetic Stability. The stability of the circular compass is very satisfac-

tory : drawn from the magnetic meridian on account of the rolling of the

vessel (when the masses of iron on board acquii-e a polarity ever changing
with tlie roll) the number of its oscillations is much less than that of the or-

dinary compass: like the light card, for smooth weather it is excellent, for

it does not sleep : like the heavy card, for rough weather, it presents a me-
chanical stability which should lead to its preference over the common
compass.'

Coincidence of the axes. In his statement, the author* of the report

from which these extracts are taken, asks if the inventor does not ex-

* M. le capitaine de fregate Felix Le Clerc.
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perience serious difficulties in localizing the magnetism at the desired

points, where the constructor indicates by marks the north and south

points of the circle. The magnetization of the circle is very simple:

it is performed instantaneously by means of a bar of soft iron designed

by myself and constructed by M. RuhmkorfF, who has lent me the most

assiduous aid and without whose skill it would have been very difficult

for me to establish my circular compasses. Hence I affirm there is no

difficulty on this point.

'It is conceivable that there is no definite reason to fear that the poles

will be displaced, if it be considered that there exist two neutral points

whence the magnetism begins at zero and is concentrated at the poles of

maximum strength. There exists no reason why these neutral points

should become magnetized, and hence the stability of the maximum
poles.'

The report goes on to say that I have presented two kinds of circu-

lar compasses, in one of which the steel ring is supported by a traverse

of aluminum, while in the other the traverse is of magnetized steel.

The fact is recognized that both these compasses function perfectly

:

but the opinion is expressed that it would be better to adopt the steel

traverse, whose poles coincide with those of the circle of the same

name, for it is natural to think that the polarization of the circle will

be maintained in preference to the points where the trace of the mag-

netic axis of the needle cuts the ring. Thus the armature system

seems to have the greater weight with the author of the report.

But, in order to go farther than the objection which has been made,

I jiave placed above the point of suspension a small magnetized needle

with poles reversed. The axis of suspension of this small needle co-

incides with that of the circle ; its magnetic axis naturally takes its

place in the direction of the diameter of the poles and follows it invari-

bly with remarkable energy and fidelity. If the magnetic axis, or

rather the magnetic diameter, of the circle does not coincide with the

axis of figure which ought to pass through the north and south points

marked upon the card, the small needle will indicate it. One will al-

ways be warned against an accident, which is less to be feared with

the circle than with the needle.

* To sum up, the circular compass is an instrument worthy of all atten-

tion from the navigator. By perfecting its pi-actical construction and by

placing the circles under a card of isinglass, we shall have an instrument,

sensible and stable and one which will constitute a true step in advance.

There is the very desir.able power of augmenting its magnetic stability and

sensibility by the addition of concentric circles without changing the equal-

ity of the moment of inertia in any respect, and without fearing (as in the



compass with several needles) the influence of the neighboring poles, which

has a tendency to destroy the magnetism.'

The idea of correcting the deviation of the compass by the displace-

ment of one of the couceutric circles of the circular compass appears to

me to be untenable ; for, from observations made at sea, I am persuad-

ed that the cause of the phenomena which it is necessary to overcome

being due to divers exterior actions, any interior dispDsition of the in-

strument, however ingenious it may be, will prove insufficient. Expe-

rience has shown that the circle behaves like the straight needle.

Nevertheless, the circular compass has some advantage over the ordi-

nary one, as the report recognizes, with regard to its deviations, on ac-

count of their greater regularity ; its greater magnetic energy making

its indications less subject to accidental errors. As the poles are placed

symmetrically about the {)oint of suspension and are separated by a

greater extent than in the straight needle, the terrestial action is con-

sequently multiplied. By displacing the interior movable circle about

its axis there is obtained, it is true, an action which corrects for a sin-

gle course, but at the same time there is created so to speak a new in-

strument, whose magnetic direction is the resultant of the action of the

two contrary poles. This new ins* runient is submitted to local devia-

tions which are not sensil)ly lessened.

' By swinging the vessel at the compass buoys in Cherbourg harbor the

circular compass has enabled us to detect errors in the constiniction of the

deviation table, errors due to the want of energy and precision of the li-

quid compass. Upon this last point the circular compass leaves nothing to

be desired.'

Experiments on board the ironclad Savoie.

' The Duchemin compass has a m.agnetic power much more considera-

ble for the same mass than one of our ordinary compasses. This power is

from two to four times greater tlian that of those which have been experi-

mentally compared with it. It has then over our own compass the advan-
tage of much greater sensibility.'

This report suggests the application of the circular needle in the

liquid compass.

Such, concisely stated, are the results which the new compass has

given at sea. I will add that the personal study which I have made
of the compass with circular needles leads me to believe that the ex-

treme sensibility which can be given to this instrument might be ad-

vantageously utilized in our meteorological observatories.

Experiments on board the JDuchnffaut.

' The magnetic compass of M. Duchemin has a much greater magnetic



299

power than tlie rpgiilation compass whicli we have on board, which makes
it more fixed and causes its local deviations to he less than those of the other.

The results obtained on board this vessel by comparing the two com-
passes, placed successively in the same binnacle and under the intlnence of

the same causes of deviation, are in favor of the Duchemin compass. Com-
pared with a liquid compass it is less mobile and its relative steadiness

gives more facility in taking bearings at sea. * * * *

I find your comjiass less mobile th:m those of the ordinary pattern ; tliat

is to say, that it is dernnged less upon any given course because it has a

greater magnetic attraction and because its poles remain in the magnetic
meridian with greater persistence than those of the ordinary ones.'

Experiments on board the transport Orne,

with a new circular liquid compass, during a voyage of circumnavigation.
' By an order of the 2f5th and 29th of May, 1875, the Minister of Marino

directed comparative trials of difierent compasses to be made aboard the

Or7ic.

The compasses experimented with were,

Ritchie's American compass with two needles and floating circle.

Duchemin's circular liquid compass.

Regulation Azimuth compass with single needle.

Regulation do do four needles (light card.)

do do do do (heavy card.)

do Liquid compass with two needles.

The Dumoulin-Troment liquid compass with card, mounted with a Lau-

rent circle.

The Dumoulin-Troment liquid compass with two needles in lozenge

with additional segments in brass.

The programme for the trial of the Duchemin compass indicated three

points to be observed; fixity of the line of the poles; sensibility; mechan-

ical stability.

Fixity of the line of the poles. The Duchemin compass observed during

the whole voyage concurrently with the various others always showed the

greatest stability of magnetism : on the night of the 23 August, 1875, during

which a violent storm raged unceasingly, a thunilerbolt fell at some dis-

tance from the vessel, at the same time that a brilliant St. Elmo's fire at

the peak of the spanker gaff attested the highly electric state of the sur-

i-ounding atmosphere. Experiments made the succeeding day, demonstra-

ted that the Duchemin compass had not in any way been influenced by the

electricity in its vicinity. Observed daily, while by the vessel running pei*-

pendicular to the isoclinic lines it was subjected to continual changes in its

induced magnetism, this compftss showed no displacement of the line of its

poles.

Upon arriving at New Caledonia, different articles of iron (boilers,

pieces of machinery, etc.,) were landed: other articles (guns, etc.,) were

embarked and placed in different positions from those the others had oc-

cupied.



300

The compass was submitted to violent shocks ; among othei-s a fall which

broke one of the gimbals; it was frequently removed from aft to the bridge,

and was allowed to remain upon the bridge at 0.™ 5 from an iron stanchion,

at 3'" from the galley funnel and at 2. "'5 from the smoke stack which was
sometimes up, sometimes down, sometimes hot and sometimes cold. In

either case the fixity of the line of the poles showed no alteration.

Polar auroras produced not the least perturbation. In New Caledonia

the Orne passed through the Wodin strait, a narrow passage between ferru-

ginous mountains : the deviations shown by this compass were not d lifer-

ent from those of the others. Tinally, as opportunity offeretl, the devi-

ation tables were examined as a verihcation of the hxity of the line of

the poles. This compass has shown in its deviations some differences from

those of the steering compass, but they are so small that they may be as-

cribed to errors of observation.

Sensibility. The Duchemin compass possesses this quality in the highest

degree: in calm weather it shows rapidly and almost instantaneously the

slightest deviation from the course. Its magnetic power is quite great;

when the vessel changes her course, the card appears perfectly independ-

ent and turns without the least inclination to follow the vessel's head, eith-

er on account of the resistance of the liquid or the friction upon the pivot.

In point of sensibility, this compass appears to be excellent; its qualities

of stability are not less remarkable.

Stability. Whether the engines turn at a high or low speed no effect is

visible upon this compass; there is no violent motion, no trembling. This

property it has in common with other liquid compasses. When the vessel

is moved by the sea in calm weather, that is to say when the rolling motion

though considerable, is regular, the Duchemin compass follows the rolling

with an extremely small retardation in its oscillations, and the move-
ments of the card cease almost as soon as the rolling motion.

That is to say, on board the Oriie with a roll lasting from 5.5 seconds to

6 seconds, this compass has its line of poles carrietl successively to starboard

and port in the same interval of time, but without any accumulating im-

pulse, and this whatever be the heading of the vessel. In this way the

amplitude of the oscillations due to the rolling are always restrained and
rapidly arrested, which proves at the same time the great magnetic power
as well as the excellent stability of this compass, in bad weather, when
the vessel is violently tossed, the movements sharp, the recovery quick, the

pitching violent, the Duchemin compass shows excellent qualities. Some-
times, but rarely, the card surprised by a sudden movement of the vessel

takes up a notable jumping motion, but it never becomes greatly excited :

its movements soon cease and it takes up rapidly its mean position and fee-

ble motions. Sometimes, in a heavy sea, when it was impossible to take

the bearing of the sun with the ordinary azimuth compass with a single

needle or even with the heavy card with four needles, the Duchemin com-
pass was successfully used.

To sum up, this compass, on account of its great magnetic power, by rea-

son also of the property which it possesses of having the same moment of
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inertia upon all courses, is less affected than any other by different disturb-

ing causes. All questions of detail apart, the Board is of the opiniun that

among all the compasses experimented with, the Duchemin compass,
thanks to its superior magnetic power, appears to be the most serviceable.'

Ou board the Dupleix, duriug a voyage to Iceland, experiments were

made and the Board reported in much the same mauuer as the officers

of the Orne; they close their report by saying, that

* They are of the opinion, that under all circumstances of wind and sea,

whether under sail or under steam, the Duchemin circular compass is su-

perior to the ordinary compasses in use. In particular they have appreciated
its sensibility in the northern regions which the Dupleix has visited during
the voyage, regions in which the ordinary compass has a very decided ten-

dency to insensibility.'

Ou board the Laplace, iu 1876,
' On the 4th of May while lying to in a gale, and on the Uth of October,

while scudding, the amplitude of the oscilhitions of the ordinary compass
exceeded a point and a half; while the oscillations of the Duchemin com-
pass were barely more than a quarter of a point, which permitted a course
to be kept, a thing impossible to be done with the ordinary compass.'

Ou board the irou-clad Atalaute, during a cruise lu the Pacific,

' The Duchemin compass showed itself always superior to the binnacle

compass with which it was compared; its oscillations have never exceeded
two degrees, while those of its neighbor were as great as eisht or teii de-

grees.'

Tiie compass ou board the Duchaffaut, (previously spoken of) was

one of the first constructed, and was afterwards placed on board the

Correze, and was highly commended iu the report of the Board which

was ordered to experiment with it.

The liquid compass which was on board the Orne was afterward

placed on board the Cosmao, and her commanding officer was as much
pleased with it as were the officers of the first named vessel.

* On board the ironclad Richelieu there were two Duchemin compasses.

One was an azimuth compass, placed in the forward conning tower, un-

der the eye of the officers of the watch, about 3"" from the smokestack,

and 2=" fi'om the electric apparatus which shows the course at night; 2.°'5

below and 2" one side are situated two turrets each containing a 15 ton

steel gun. The other was a binnacle compass placed in the tower near the

steering wheel, a little forward of the first one and about 4" from it, and

about l" from the midship line. These two compasses are more sensitive

than any of the others, notwithstanding the vicinity of these great masses
of iron.'

"

Note. The Duchemin compass has been adopted as the regulation in-

strument in the French Navy, and by various lines of merchant steamers.

A. D. B.
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Washington, March 22, 1879.

Sir,

The undersigned, to whom were submitted in January last ten

essays on Naval Education, with the request that they decide which is

the best and which of the others deserve mention for merit, have the

honor to report

—

1. That they consider the essay with the motto " Qui non proficit,

deficit " to be the best.

2. That they think the two essays bearing respectively the mot-

toes " JEsee quam videri,'' and " Essayons " to deserve honorable men-

tion in the order in which the mottoes are here placed.

It will not be supposed that the undersigned accept and approve

all the opinions and proposals contained in the essays which they have

preferred. The three essays which they distinguish seemed to them the

most thoughtful and suggestive in substance, and the clearest, simplest

and most accurate in style.

They beg to add that the competition for the prize offered by the

Naval Institute has evidently been an animated one, and has called

forth a creditable amount of strenuous exertion.

Your obedient servants,

CHARLES W. ELIOT,
President of Harvard University.

DAN'L AMMEN,
Rear-Admiral, U. S. N.

W. H. SHOCK,
Engineer-in- Chief, U. S. N.

Lieut. JOHN C. SOLEY,
Secretary of the Naval Institute.
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" Qui non profieit, deficit'

I.

—

Officers.

The question of Naval Education is one that is fraught not only with

the improvement of that branch of the public service, but, in the

event of war, with the honor of the entire country ; and it therefore

merits the gravest attention from those authorities to whom the welfare

of the Navy is committed.

The necessity of a more liberal education for the officers was early

seen by the officers themselves ; and it is not only to the Hon. George

Bancroft, Secretary of the Navy, that we owe the establishment of the

Naval Academy at Annapolis; but to Commodores George C. Read,

Thomas Ap-Catesby Jones, Matthew C. Perry, and Captains E. A. F.

Lavallette and Isaac Mayo, for their hearty approval of the scheme.

Nor should the name of Commander Franklin Buchanan be ignored in

this connection, for to his admirable administration of the trust com-

mitted to him as its first Superintendent, is undoubtedly due the contin-

uation of the School after its first tentative establishment.

The question as to the system to be pursued in the education of the

Naval Officer is one that may still be considered an open one ; that

some sort of an Academic course is necessary is generally admitted,

but whether this course should precede or follow a course of instruc-

tion afloat is not yet satisfactorily settled. I believe that the present sys-

tem, in which the student is placed under strict discipline on shore at

the outset of his career, is preferable to that which would permit him
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to be subjected to the temptations incident to a sea life, before his char-

acter and habits are sufficiently formed to enable him to withstand

them successfully. One great objection to it, however, is the fact that

but few ships can have Midshipmen on board, as the whole number of

officers of that grade is necessarily small. "While admitting that the

Midshipman fills an office which is of great use to the discipline of a

vessel, yet we must not lose sight of the fact that it is not Midshipmen

alone whom we seek to train, but the Commanders of the Navy of the

future. And in the education of the men, we must take care that the

want of the Midshipman of the olden times be not greatly felt, by com-

mitting to intelligent petty officers many of the duties heretofore per-

formed by officers of that grade. Assuming, then, that the Academic

course is that to be first pursued, it becomes necessary to define clearly

what officers are to receive this instruction. The officers of the Navy
are divided by law into Line and Staff; the latter being subdivided in-

to Medical, Pay and Engineer officers. Chaplains, Professors of Math-

ematics, Naval Constructors, and Secretaries. Included also in the Na-

val organization are the officers of the Marine Corps.

From any scheme of purely Naval instruction it is obvious that the

Medical officer must be excluded ; his preliminary training must be

obtained in some established Medical College. The Chaplains also and

the Professors of Mathematics (together with the Secretaries whose of-

fices will become vacant with the lapse of the offices of the Admiral

and Vice-Admiral) are also not to be included. There remain, then,

as the officers who are to be trained at the Naval Academy, the officers

of the Line and of the Marines, together with those of the Pay and

Engineer Corps and the Naval Constructors. At present we have only

the Line and Engineer officers under such instruction ; how shall we

bring in the remaining officers in such a manner as to conduce to the

harmony of the service and the good of the country ?

The subject thus presented for discussion involves not only the man-

ner of the education of the officers above mentioned, but also the

number required to undergo such instruction, as well as the manner

in which the requisite number shall be selected.

Before entering upon the discussion of these points, it will be desir-

able to look first at the requirements of the ideal Naval Officer of to-

day in the way of education : and it must be the aim of the authori-

ties to approach as near the ideal as possible : the country both needs

and desires the best that can be procured. The progress of modern

scientific ideas has rendered an extended curriculum necessary; the
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introduction of steam propulsion (much as we may regret its destruc-

tion of the romance of the sailing frigate) has made it necessary that

the Naval Officer should not only know how to sail his vessel, but how
to steam her, in the most judicious and economical manner. He should

understand thoroughly the working of the motive power of his ship,

and he should be as able to run the engines, to tend the fires, or to put

a patch upon the boiler, if necessary, as to reef topsails or to splice a

rope. He must, perforce, be a navigator ; by which term is implied

not only the ability to keep the reckoning of the ship from day to day,

but also to handle his vessel skilfully in waters unknown to him ex-

cept by means of charts ; and furthermore, a skilful navigator should

possess such knowledge as will enable him to make a chart of unsurvey-

ed ports, or to replace the buoys and beacons in a harbor, which may
have been removed by an enemy or otherwise. The introduction of

iron in shipbuilding has rendered necessary a thorough knowledge of

the deviation of the compass, a branch of navigation which was for

marly of but very slight importance, but which now assumes a great

deal of consequence. He must be an artillerist ; he must understand

the manipulation of the weapons provided for offence and defence on

board his vessel ; he must have such a knowledge of torpedoes, of their

construction and use, as to enable him to make this terrible engine of

war do useful service against an enemy, or to avoid those that may be

brought to bear against himself. He must also have a sufficient

knowledge of the soldier's profession to enable him to train his own

men, and to qualify both himself and them for expeditions on shore,

where he may be called upon to protect the property of American cit-

izens or to take active offensive measures against an enemy. He must

possess a sufficient amount of legal knowledge to qualify him for a seat

upon courts-martial ; and he must also be sufficient of a diplomat to en-

able him to decide promptly and correctly, questions which involve the

honor of the flag, as upon his action may hang peace or war. He
must, of course know how to handle his vessel, of whatever type she

may be, whether monitor, iron-clad frigate, or wooden gunboat, under

all circumstances of wind and weather, as also of battle ; to which end

he must understand the signals that may be made by his chief, and the

method of the execution of the orders thus transmitted. He must be

fertile in resources in cases of emergency and disaster ; and quick to

appreciate the worth of the changes that are constantly taking place

and being proposed in the fitments of vessels. To all these varied re-

quirements must be added the habits of obedience and command, and
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that ability to impress his individuality upon those placed under him,

which alone can render him successful in the crucial trial of battle, for

which indeed his whole education must be a preparation. Such, I say,

is the ideal Naval Officer ; it should be the aim of each to approach as

near to the standard as his individuality will permit ; the country

wants, as I have said, the best^ and it is our duty to see that so far as

in us lies we give to her our efforts to come as near the best as we can.

That these requisites of the Naval Officer, so far in advance of those

of former days, are due to the intx'oduction of steam into ocean naviga-

tion, will, I think, be at once acknowledged ; this power, which was at

first deemed only an auxiliary, has become the primum mobile, and we

cannot shut our eyes to the fact that there is now necessary a com-

plete knowledge of the new steam seamanship. Attributing the highest

importance to this factor in the man-of-war of to-day and of the future,

I consider it necessary that the distinction now existing between the

Line officer and the Engineer officer be greatly modified and soon be

practically abolished. 1 am aware that such a radical change would

not only meet with great opposition at the outset, but would be

very difficult of speedy accomplishment. I am sure, however that

it can be accomplished ; and the details of the system which I propose

to this end will appear further on.

Let us return now to the question of the number of officers to be

educated : this is a matter of great importance, as, while it is desirable

that enough new men should be coming forward each year to keep the

ranks full, any overplus is to be deprecated.

The annual number of graduates of the Naval Academy requisite

for this purpose, might be found by taking, as the maximum number to

be allowed each year, the actual number of vacancies existing in the

active list at the expiration of the second year of the course as indica-

ted hereafter.

In this country it is a matter of importance that the equal chance

which all classes of our fellow-citizens have under the present system,

should be maintained. To this end I believe that the present method

of appointment by Representatives in Congress is the best, but there

should be an additional provision of law that these appointments

should only be given to those pho are successful in a competitive ex-

amination, held after due public notice. It might perhaps be wise for

the Secretary of the Navy to send to each Representative having an

appointment, the scheme of an examination ; such scheme to be pre-

pared by the authorities of the Naval Academy. This would tend to
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ments should be made from each district in alternate years ; and the

appointee should be sent to Annapolis to be again subjected to an ex-

amination, in the same manner as is now practised. In this connection

I would urge that the number of appointments-at-large by the Presi-

dent might be advantageously restored to the old number of ten each

year, with the limitation that these appointees should be from the sons

of Army and Navy officers, thus opening an opportunity to them
which is now entirely closed, as an officer is continuously on the move
and generally has no fixed residence in any congressional district to

entitle his son to compete. If the candidate passed the entering ex-

amination he should receive an appointment as Naval Cadet, and

should undergo substantially the same course as is now pursued

at the Naval Academy for the first two years. At the expiration of

that time those men who stood highest in their class (within the limits

of number as fixed according to the preceding method) should receive

their appointments as Midshipmen, and should be then deemed to

have entered the Naval service. Those who fell without this number

should receive certificates showing that they had passed through the

preparatory course, and sliould also be given (unless deemed specially

unworthy) honorable discharges as Naval Cadets. This is substantial-

ly the plan advocated by Rear-Admiral C. R. P. Rodgers, late Super-

intendent of the Naval Academy, from whose report to the Secretary

of the Navy for 1877, I quote the fgllowing:

" In my opinion the number, both of cadet-midshipmen and cadet

engineers, might be advantageously decreased. During the present

winter, for the first time, the list of ensigns will be filled, and midship-

men who shall have passed their examination for promotion to that

grade must wait for new vacancies before they can reach it. Under our

present system, this number of passed midshipmen will increase every

year, and we shall have the sorry sight of an ever-increasing number

of young gentlemen—two, or perhaps ten, years after their graduation

—

waiting, with hope long deferred, for promotion to the lowest grade of

commissioned officers.

" We shall, also, under the present system, graduate every year many
more cadet-engineers than will supply the waste of that corps. I would,

therefore, respectfully suggest that either the number of cadet appoint-

ments be largely decreased, or that a new system should be adopted

which would produce far better results than the one now in force.

" I would suggest that some able actuary be found to calculate the
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annual waste of the Navy, both of the Line and of the Engineer Corps

;

and, further, that he should compute how many cadets should each year

enter the second class to supply that waste, and keep the number of

oflScers in the lower commissioned grades of the Navy always full.

" This table could be made more easily than the tables of the life

insurance companies, and might be re-arranged every five or ten years.

The number of cadets for the second class being thus decided, admission

to it should be the prize for which all entering the Naval Academy
should compete during the first two years of their novitiate. Those

•who failed to win the prizes might be graduated at the end of their first

two years, and return to their homes with an honorable diploma, and

would well repay the country for the cost of their training, by carrying

to every congressional district in the land the habit of discipline, the

traditions of military life, and a practical knowledge of the use of arms,

which would make them invaluable in the organization of volunteer reg-

iments whenever the country found occasion to call its citizens to arms.

" There is a subtle power in military discipline which cannot be

readily defined, but which gives to those who have learned to obey, a

great capacity to command with ease and with ready acceptance. Un-

der this system no cadet need be found deficient, except for grave mis-

conduct or for contumacious and inexcusable neglect of study." * *

It must be borne in mind that under this scheme we are to educate

not only the future Line officers of the service, but also the Engineer,

Marine, and Pay officers as well as the Naval Constructors; conse-

quently it is very desirable that the course should be the same for all

the cadets during the course. At present the course for cadet-midship-

men and cadet-engineers during the fourth and third class years is al-

most identical ; a little judicious trimming, with but little loss in any

particular direction, would render them precisely the same. If the new
appointees should enter in May, they might embark at once on board

the practice ship for the summer cruise, and so gain an additional

amount of experience, by having two cruises during the first two years,

instead of one, as is now the case. Besides the sailing practice ships,

there should also be a suitable practice steamer attached to the Naval

Academy ; and opportunity should be afibrded to the cadets to perform

fire and engine-room duties during their third class year, prior to the

beginning of the summer cruise.

Under the system of selection herein advocated the school would

contain no more students than at present, so that the expense of the in-

creased number of appointments made would be nothing ; the difference



311

would be that the preparatory classes of Naval Cadets would be very

large, while the upper classes of Midshipmen would be very small, and

would be composed of the best men who entered in each year.

With the date of his appointment as Midshipman, the education of

the officer would really begin. After the two years of his preparation

as a Naval Cadet, spent within the walls of the Academy, he would be

more enabled to appreciate his advantages, especially as he recognized

the fact of his selection from the large number who entered with him.

Inasmuch as each class would be composed of the best material, it

would be possible to pursue a higher course in all branches than is now
pursued at Annapolis ; and by the addition of one year to the course,

every student could be instructed in all the branches now taught to both

cadet-midshipman and cadet-engineer ; and each man would graduate

for service in the fleet with a greater degree of competency for duty,

either on deck or in the fire and engine-rooms, than that now possessed

by either class of young men who leave the school after a four years

course.

AVith his entry upon the larger stage of action afloat, would begin

for the young officer his instruction in the command of men, and in

the ordinary routine duties of ship life. Care should be taken to have

a sufficient number of Midshipmen on board each ship to which they

might be ordered to perform duty both on deck and in the engine-

room ; and during the cruise of two years, they should, as now, be

preparing for their examination, upon successfully passing which they

should be at once commissioned as Ensigns and become Ward-Room

officers. At this point of his career we should have the young officer

fairly prepared for his future duties, after a course of preliminary

training lasting seven years : he would have a thoroughly good founda-

tion upon which to build any speciality to which his natural dispo-

sition inclined him ; and while he would not lose his identity with the

Line, he could avail himself of the opportunity offered to apply him-

self to further improvement in any direction he saw fit. Before pro-

ceeding to the consideration of the later education of the officers, I

present the following scheme for that of the first seven years.

Course of Instruction.

For all Classes.—Practice Cruise, June to September, inclusive.

Academic Year, October to May inclusive.

Naval Cadets.

First Class, First Fear.—Practice Cruise, Mathematics, English

Studies and History, French, Drawing.
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Second Class, Second Year.—Practice Cruise, Mathematics, History

and Rhetoric, Physics, Chemistry, Freuch, Drawing.

At close of this year selections made for appointment as

—

Midshipmen.

Third Class, Third Year.—Practice Cruise, Seamanship, Ordnance,

Marine Engines, Applied Mathematics, French, Mechanics, Spanish.

Junior Class, Fourth Year.—Practice Cruise, Naval Construction,

Ordnance, Navigation, Heat, Light, Spanish, Astronomy, Marine Eng-

ines, Drawing.

Senior Class, Fifth Year.—Practice Cruise, Navigation, Surveying,

Fabricating Machinery, Strength of Materials, Designing Machinery,

Public Law, Physical Measurements, Naval Tactics.

Practice Cruise of First, Second, and Third Years, to be in sailing

vessels.

Practice Cruise of Fourth Year in steamer, visiting ship-yards &c.,

&c..

Practice Cruise of Fifth year in sailing vessels.

Practical Exercises during the Academical Year in Seamanship,

Naval Tactics, Infantry, Field Artillery, and Boat-Howitzer Drills
;

Great-Guns, Mortar Practice, Manipulation of Artillery on board

Iron-Clad, Fencing, Marine Engines, Management of Boilers, Tools,

and Machines, &c., &c. Leave should be granted for two months in the

third practice cruise, and for one month in the fourth.

At the end of the fifth year, graduation, followed by leave for three

months ; at the expiration of which the graduates should be ordered to

sea for two years. During this time they should be given duty both

on deck and in the engine-room, and should also have especial atten-

tion paid to their instruction in practical Navigation and Seaman-

ship.

The number of graduates in each year would be very few (not ex-

ceeding twenty-five.) Three ships would provide duty for them all,

and the Commanding oflacers of these vessels should have special in-

structions with regard to the Midshipmen, so that all might have equal

opportunities. At the expiration of the cruise the examination for

Ensign should be held.

Having thus obtained the lowest grade of commissioned officer, be-

fore proceeding to the question of post-graduate education, it will be

necessary to detail the scheme already foreshadowed with regard to the

amalgamation of the various Corps.

I assume the broad principle that (with the exception of the Medi-
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cal officers and the Chaplain) every officer on board ship should be a

combatant sea officer, a graduate of the Naval Academy, an efficient

addition to the strength of the ship's company, in lieu of the present

plan, by which many persons of the ship's complement are unskilled

and untrained in the use of arms ; and this involves practically, a gen-

eral reorganization of the entire service.

As regards the Line, it may be considered as needing but slight

changes. The number of Lieutenants should ultimately be increased

by one hundred. The title Master should be changed to Sub-Lieuten-

ant, and the number ultimately increased by one hundred. The ad-

ditional two hundred officers would be necessary to perform the duties

of the Engineer, Pay, and Marine Corps, as noted hereafter.

As regards the Engineer Corps, we may well learn a lesson from

the French Service. The Engineers should be the corps d'eliie. The
scientific men of the service should there find their appropriate place.

They should be, also, the Constructors, uniting in their Corps the offices

of designing and construction of vessels, as well as of the machinery

to propel them. The number of the various grades should be as follows
;

One (1) Rear-Admiral, Engineer-iu-Chief. Two (2) Commodores,

General Inspectors, for duty under the Bureau in the Departments of

Engineering and Construction respectively; twelve (12) Captains, to

be distributed at the various yards as Constructors, and held for gen-

al duty as supervising Engineers of work outside the Navy Yards
;

twelve (12) Commanders, for duty as Chief Engineers at the Navy
Yards : neither of these two grades should be required to go to sea,

except that the Commanders should be required to make one three

years cruise while in that grade, prior to promotion; twenty-five (25)

Lieutenant-Commanders, for duty at sea as Chief Engineers of vessels,

and at Navy Yards as assistants to the Chief Engineers and Construc-

tors. These should constitute the permanent portion of the Coi'ps.

The detailed portion should be Line officers who had specially qualified

for it in the post graduate courses mentioned hereafter. On board ves-

sels of the first and second rates there should be a Chief Engineer in

charge of the machinery, with one detailed officer to assist him. On
board third and fourth rates the Engineer's Department should be in

charge of detailed officers. The actual manipulation of the engines

should be performed (as it is even now when we have such a large

number of Engineer officers) by machinists. Men possessing the re-

quisite qualifications can easily be secured to fill these places, especial-

ly if they are made permanent, as they should be. Not only this, but
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machinists should be made Warrant officers oj the Line precisely as

Boatswains and Gunners now are. By throwing sufficient safeguards

around the issuing of a warrant we would be sure to get proper men.

They should first serve a three years enlistment as machinists ; after

which, upon bringing proper testimonials from the officers under whom
they served, and passing an examination, they^should be appointed Ma-
chinists. They should receive their warrants dating back to the time of

appointment, after a further probation of one year, with favorable re-

ports from their officers. That such a Corps of Machinists is possible

we learn from the French Navy, where a similar system succeeds ad-

mirably. Vacancies in the Lieutenant-Commander's list should be

filled by competitive examination from among the Lieutenants and

Sub-Lieutenants who had served at least two details at sea. The de-

tails should be confined to a period not exceeding five years, the time on

shore being spent at Navy Yards and in the Bureau preparatory to go-

ing to sea. No officers should ,be detailed for this duty in excess of

the number actually required to fill the places mentioned. It would

be a wise plan to pay all the permanent officers a salary higher than

that paid to other Corps, as an additional inducement to the best men
to enter this important branch of the service. All of the detailed of-

ficers of the Engineer Corps should receive an increase of ten (10) per

centum on their pay while serving in the detail.

The organization of the Pay Department should be as follows ; One

(1) Commodore ; two (2) Captains ; seven (7) Commanders, and fif-

teen (15) Lieutenant-Commanders, for duty at the various Navy Yards,

and as Purchasing and Disbursing officers at the various shore sta-

tions ; these should comprise all the permanent members of the Pay
Corps ; the duty of Pay officers at sea should be performed by Lieu-

tenants detailed for that purpose, for a single cruise ; these officers

should not be detailed for this duty for two successive cruises, but,

at the expiration of their three years detail, should return to their du-

ty in the Line. That this scheme could be carried out readily, seems

to me most clear ; and that it is by no means a novel plan, I quote as

follows from the " Array and Navy Gazette" of September 7th, 1878,

viz. " The navigating branch is being gradually absorbed, and owing

to the progress of naval science very much for the good of the service
;

why should not the Paymaster's Line be allowed to fade away honor-

ably and gradually ? The mystery of ships' books and accounts can-

not be very appalling to those who have passed Greenwich, and the

post of Paymaster might easily be filled by an executive officer who,
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for the sake of increase of pay, may be content to give up the prospect

of rising to the highest rank in the profession What real-

ly is wanted is that there should be a number of officers who have

specially qualified for Staff appointments by a course of study similar

to that gone through by military officers at the Staff College ; from

whom should be selected the personal staff of flag officers . . . .
;

also to stop the entering of a separate class for office duties, and by

degrees replace them from the executive branch. By doing this a

class would be abolished and many of the disputes and grievances

which arise on board ship rendered things of the past ; and so many
more officers available who would be competent to take charge of ship's

boats or men in an emergency."

A similar plan has been proposed in the French Navy, and is, I un-

derstand, carried out in the Russian Service.

It is very certain that " the mystery of the ships' books and ac-

counts cannot be very appalling" to a graduate of the Naval Academy
;

and by detailing the Paymaster from the Line we should gain the ad-

vantage, as noted above, of having an additional combatant officer who

would be useful in action, or who could stand a watch or do other like

duty in case of emergency. The vacancies in the permanent portion

of the Corps should be filled by competition from among the Lieuten-

ants who had served two or more details as Paymaster at sea.

The Marine Corps should remain as it now is in the higher grades,

except that the grade of Brigadier-General should be revived, and the

number in the grade of Majors should be increased to fifteen (15), suf-

ficient for duty at the Navy Yards and shore stations, and to command

the guards of flag ships : the duty of the subordinate grades of Ma-

rine officers at shore stations should be performed by Lieutenants and

Sub-Lieutenants, detailed for that purpose for a period not exceeding

three years : one of the watch officers of a vessel should be the com-

manding officer of the marine division, and he should have served on

the shore detail before being sent to sea for that duty. Vacancies in

the permanent part of the Corps should be filled by competition from

the Lieutenants who had served two or more details as above noted.

To the permanent officers of the various Staff Corps should be applied

the provision of law, as in the Army, that they should exercise no mil-

itary command.

It may be objected to this scheme of detailing officers that it is not

only novel but impracticable. It is perhaps novel as regards the Na-

vy, but it is not so as regards the sister service. In the armies of near-
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ly all the principal foreign countries the Line aud Staff officers are in-

terchaugeable, the Staff being wholly made up (in the junior grades)

of details from the Liue for a fixed term of years. Brevet Major-

General Upton in his report on " The Armies of Asia and Eui-ope,"

lays the greatest stress upon this principle ; and in his scheme for the

reorganization of our own Army provides for the system of staff-detail

in its fullest application. I am firmly convinced that it is the only

way in which we can ever harmonize the differences which exist in our

service between the Staff and the Line, and which can utilize to the fullest

extent the fighting power of the personnel, as well as offer suitable in-

ducements to the scientific minds to enter the Corps where they will be

of the best service to the country.*

But this scheme of detailing officers from the Line to perform the

duties of Engineer officers would not succeed unless there be ad-

ditional means provided to prepare for that duty. The graduates of

the Naval Academy are certainly now able to do the duty of Subal-

tern Marine officers, and it would require but a very slight amount of

instruction to enable them to fulfill the duties of Paymaster. But it

is obviously not so with the Line officer who is to be detailed for the

Engineer Corps. He must have placed at his disposal the means of

improving himself in his profession. Advantage should be taken of

the education acquired at Annapolis to establish a post-graduate course,

or rather several such courses, some of which should be obligatory,

others optional. All officers upon reaching the grade of Ensign, should

immediately be ordered to the Torpedo School, to undergo the course

of instruction there, and they should be required to pass a satisfactory

examination at its conclusion. Another obligatory course should be in

steam, both practical and theoretical. The Torpedo Station should

have its facilities so enlarged that both of these courses could be

pursued there. This could be very readily done with comparatively

slight expense.

The optional studies should be in Ordnance and Surveying, with a

higher course in Steam, and a thorough course in Naval Architecture.

The course in Ordnance should be an amplification of that which now

exists in the Washington Navy Yard, and this could readily be effected

with no additional expenditure of money.

A course in Surveying is now furnished to officers who enter the

Coast Survey, but it might readily be made more extensive by giving

* This principle is also recognized in the Burnside Army Bill now (Dec-

ember. 1878,) before Congress.
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to these officers opportunities to become familiar with the theory and

practice of the determination of positions by the use of field instru-

ments. •

The higher course in Steam should be pursued at Annapolis, where

also, should be taught Naval Architecture. Only those officers who

had passed with credit both the obligatory courses should be eligible to

pursue this advanced course. Instruction should be given by lectures

and text-books; examinations should be frequent and searching, and

the failure to pass should cause the instant detachment of an officer

from this duty ; for this course are wanted the very best men that can be

procured.

I have made no attempt to elaborate the details of these various

post-graduate courses, as I do not deem myself competent to do so

;

but the specialists, whom we already possess in the service, would find

no difficulty in preparing suitable programmes.

All that has been said heretofore applies to the future ; the question

naturally arises what is to be done with the officers now on hand ? So

far as the Line officers are concerned, all these courses should be at

once thrown open to them, and all of this might readily be done with-

out any additional legislation, save an appropriation to enlarge the

facilities of the Torpedo School, as indicated above.

With regard to the Pay and Marine Corps, appointments should

cease at once, and the system of details be begun, as the wants of the

service required. Both of these matters could be easily settled. With

regard to the Engineers we might conform somewhat to the plan pur-

sued in the English Navy, in doing away with the Navigating Officers.

So far as possible the lower grade should be at once absorbed in the

Line. Any Passed Assistant Engineer (with the relative rank of

Lieutenant) now on the list, who desired, should have the option of

standing the examination now passed by a Master for Lieutenant, and

if successful should be commissioned as Lieutenant from the date of

his examination, and he would, of course, be eligible for detail in the

Engineer Corps. At the expiration of two years this option should

cease, and the vacancies then remaining in the Lieutenants' list be filled

by promotion from Sub-Lieutenants. Those Passed Assistant Engin-

eers, who failed or declined the option, should not be promoted to

Lieutenant-Commanders in the Engineer Corps, unless successfulin the

competitive examination above-mentioned (which should, of course in-

clude Naval Architecture,) but should femain npon the list in their

present positions. Any Passed Assistant or Assistant Engineer now on
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the list with the relative rank of Master, should have the same option

to become a Master ; and any Assistant Engineer now on the list with

the relative rank of Eueign, should have the same to become an En-

sign ; all those declining or failing should be promoted to Passed

Assistants, under the same condition as above prescribed. Vacancies on

the Sub-Lieutenants' list at the expiration of two years should be filled

from the grade of Ensign by promotion. Cadet-Engineers and Cadet-

Midshipmen, graduates of the Naval Academy, should be required to

pass exactly the same examination, facilities being given them for

study at the expiration of their two years cruise after graduation ; and

they should be promoted as if they had all originally belonged to the

same class, ranking according to merit. For the Cadets in the school

the course should be changed to five years at once, and no more ap-

pointments made under the old system. In two years, then, this entire

plan for the reorganization would be well under headway, and in five

years the good effect would be manifested. No more appointments of

Assistant Naval Constructors should be made, and no promotions to

the grade of Naval Constructor. Competent Chief Engineers should

be allowed to enter upon the duties of Constructors, and inducements

oflTered to the present Constructors to retire.

Such, in brief, is the scheme which, when properly elaborated as to

its details, by hands more competent than mine, will in my opinion,

bring harmony to the service and add more to its efficiency th9.n any

other system that could be pursued.

II.—Men.

While it is necessary that we should do all in our power to raise the

standard of the officers of the Navy, it is no less important that we

should turn our attention to the men.

The system, or rather the want of system, of former days is confessedly

a failure in securing for the service the right character of material for the

modern man-of-Avar's-man. The want of to day is energetic, self-reliant

young men trained to their profession from an early age, who shall look

upon the service as their home.

It is evident that a sailor cannot be made upon dry land. He must

be afloat—must identify himself with his ship and become part and

parcel of her. And as the duties of the Naval officer differ from those

of the officers of the merchant marine, so do the duties of the Naval

sailor differ from those of the sailor who serves in a merchant vessel.

It, therefore, needs a special education to evolve the man-of-war's-man.
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The apprentice system, which is now under full headway, is a most

happy meaus to this end, and upon all sides are heard the encomiums

of those Commanding officers who have been lucky enough to have any

of the apprentices on board of their vessels.

That the boys should be selected with very great care is at once

evident. The life is by no meaus an easy one, and it requires a most

excellent physique to answer all the demands made in active service.

Two things should be at once impressed upon the boy ; that he should

keep himself clean and that he should learn to make his own clothing.

Swimming should be taught also, and every opportunity that offers

itself should be availed of to give the boys practice. These are car-

dinal maxims and hardly seem worth repeating. Indeed, it is a work

of supererogation to attempt to detail the course to be pursued with

apprentices, for the general sentiment of the service is so much in favor

of the system, that it is merely a question of slight details as to how

it is best carried out. A special care is, of course, necessary, that all

the boys should have thorough instruction in seamanship, gunnery, and

small arms ; and I am sure that no one who has ever seen the " Sara-

toga" can say that the system there pursued does not turn out excellent

young men—men upon whom, as years go on, the country can rely as

efficient guardians of its honor.

One thing, however, should be strictly kept in view, and that is, we

are educating these boys to be enlisted men, not officers ; and no false

ideas of future promotion should be brought before them as an induce-

ment to enter the service. The failure of a previous attempt at an ap-

prentice system was largely due to the fact that such ideas were prev-

alent. But it is not with the sailors proper that there is now so much

reform needed as with the other classes of men we find on board ship.

I refer to the men composing tlie Engineer force, the servants, and the

general assembly known in nautical parlance as idlers. No man
should be allowed to form part of the ship's company who is not an

efficient addition to her fighting strength. The firemen and coal-heav-

ers should be trained for that duty, and, in addition thereto should

know how to pull an oar, to work the guns of the battery, and to be effi-

cient small-arm men. The question as to the'best method to be pursued

in their training is one of great importance. I regard it as quite nec-

essary that these men should be as good seamen as the apprentice ships

can turn out. Having this as a foundation, any man of sufficiently

good physique to stand the efl^ects of the heat can (with that power of

adapting himself to circumstances which is eminently characteristic of
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the seaman) readily acquire sufficient facility in the manipulation of

fire-tools to perform the work of the fire-room ; for this is not the sort

of labor that can properly be called skilled. Such is, however, the

characteristic of that kind of labor we look for in the Machinist. Fire-

men who showed ability, or men otherwise specially selected, should

be given opportunities in the Navy Yard workshops, under the super-

vision of the Engineer officers, to learn thoroughly the use of tools and

the general mechanism of the steam-engine, in such a manner as to fit

them for the position of Machinist. With a corps of such Warrant

officers as I have referred to in the first part of this essay, and with the

men under training at the Navy Yards, a large portion of the repairs

to machinery might be made, at a great saving of cost to the Govern-

ment. With men who had passed through the course of training on

board the apprentice ship, in the engine and fire-rooms, we should have

a reserve force on board ship which could be called on to render effi-

cient service in times of emergency. And we should still farther con-

solidate and amalgamate the men, as I propose to do Avith the officers,

making of the ship's company a homogeneous, instead of a heterogen-

eous, organization.

One great evil to which we are subjected on shipboard is the multi-

plicity of servants. These men are enlisted for duty in the powder di-

vision, and are assigned as officers' servants. Of course there must be

some one to cook for both officers and men. The ship's cook is more

frequently a thorough seaman (one who has been a petty officer) than

otherwise ; an arrangement could easily be made by which selected men
could be trained (while on board the receiving ships) for this special

duty, and this would prove of great advantage. As to the officers'

cooks, I suppose that they must still be picked up as occasion offers,

but there should not be so many as now. I can see no reason why two

cooks should not be sufficient for all the officers' messes, provided

enough pay is given them to secure the right sort of men. These, to-

gether with a steward and assistant, (whose pay should also be ample),

would be sufficient to provide for the wants of all the officers, except in

the case of vessels having a flag-officer on board.

The system of numerous messes could be greatly modified also. The

Commanding officer could mess with the other commissioned officers, iu

the same manner as is done in the Coast Survey, while still living iu

the cabin ; also, the Steerage officers could mess in the ward-room while

living in their own quarters. The Warrant officers (including the Ma-

chinists) would form a separate mess. Now, if we cut off the present
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source of supply of men who are for duty in the powder division, we

must seek some other fountain whence to draw them. Such I find in

the Marine Corps. The additional men required in that corps for this

duty would be but few in number, and their cost to the Government

would be no more than that of those whom they displaced, while their

presence would add greatly to the efificiency of the vessel to which they

were attached. This is substantially the system pursued in the Eug-

lish service, and which I am led to believe works excellently. If we

could but get rid of the useless servants whom we now have, (useless to

the ship herself, I mean,) and replace them with selected men from the

Marines, it would be a great step in advance, and would enhance the

efficiency of the service as a whole, by giving us men who had received

military training in place of those undisciplined and untrained creat-

ures who are a constant source of vexation and trouble during an en-

tire cruise.

To the Marine Corps, also, Ave should look for our supply of the

special police force of a ship ; Masters-at-Arms should be selected

from Sergeants of Marines ; and as competent men are always to be

found both among them and among the bluejackets also, we could draw

our supply of writers and storekeepers from those who have had such

training as to render them effective auxiliaries, instead of positive

drawbacks, to the fighting force upon which a vessel could depend in

emergencies.

Such are the systems of training for both officers and men which my
observation has led me to believe will tend to improve the status of the

personnel of the service and render it (under the new and ever- varying

conditions of modern Naval warfare) as competent to enter the lists of

battle, as it has shown itself to be in the contests in which the country

has been involved during the century of its existence. But whatever

may be in store for us in the future, we should always bear in mind

this truth :
" he who does not progress, goes backward."





THE RECORD
OF THE

United States Natal Ii^stitute.

NAVAL EDUCATION.

By Lieutenant-Commander C. F. Goodrich, U. S. N.

Esse quam Videri."

The American people, as a natural deduction from their keen love of

liberty, have ever cherished an equally keen antipathy to a large stand-

ing army and navy. It is therefore unwise to hope for the stimulus of

liberal budgets and a favorable public opinion on the one hand, and, on

the other, that sense of personal devotion to a sovereign which has called

forth, in other lands, such marvels of courage and self-denial. That the

pure and lofty patriotism based upon a broad and deep realization of

the duty owed to their country has incited our predecessors, and many
yet with us, to equally glorious achievements and painful self-devotion

cannot be denied. Nor is the Naval Officer disposed to yield to any

fellow citizen one jot or tittle in love of country, in readiness to risk

all for her, or in earnest desire for her material and moral prosperity.

The very problem set us to be solved to night derives its weight

from the earnest wish, on the part of her Naval Officers, to determine,

as far as possible, how the opportunities afforded can best be improved,

that officers and men may be worthy representatives and useful ser-

vants at all times and, in the hour of need, staunch, able and vigorous

defenders of their country.

In a few words, we are to ascertain what modifications, if any, are

necessary to make our system of education result in a personnel of

maximum elasticity and efficiency with the resources at our disposal.

Naval education, when viewed in this light, will be found to as-

sume new dignity as the well advised means towards a noble and laud-

able end.



324

A vivid notion of this end and an honest appreciation of its import-

ance will greatly aid us in clearing away the fogs of prejudice and tradi-

tion that hang over the debatable land across which our path must

lead, and will, it is to be hoped, stimulate in us a kindly sentiment of

mutual consideration, making us sink ali personal feeling and bear

with each other in the common cause.

To officers in the Navy are assigned duties so varied that their

enumeration alone can barely be hinted at.

The Naval Officer builds ships of wood and of iron, the boilers and

engines, the spars and sails that propel them, the guns that arm them.

He commands them, cares for them, fights them, repairs them. He
watches over the men under him in health, and attends them in

sickness. He is entrusted with the most delicate international rela-

tions. He protects the merchant mariue, quells its mutinies and lends it a

helping hand in time of need. He succors the shipwrecked. He
maps out the surface and the bottom of the ocean ; surveys rivers, har-

bors, coasts at home and abroad ; establishes astronomical positions ; re-

cords and predicts tides, observes eclipses, transits, and occultations.

To him, in time of peace, the people look for routes across tropical isth-

muses and to the North Pole ; for new continents discovered, fresh out-

lets for trade. In time of war, his name is the symbol of efficient de-

fence and vigorous attack. To-day he is with his kindred, a modest

retiring citizen ; tomorrow he is the guest of crowned heads, yet ever

proud of his profession and sensible that all honors are but paid through

him to the country that gave him birth. Such are some of the tasks

set before him, and he is the best servant of the nation who best per-

forms these manifold duties.

Likening the officer to the mind which plans and directs, and the

man to the hand that executes, the question takes definite shape : how
shall we develop this mind and train this hand that the two may work

in unison and to the best advantage in the country's service ?

To him who would answer this question three courses are open.

First, accepting the present organization of the Navy, to point out

the way in which it can be made to attain its highest development.

Secondly, to sketch a plan of navy organization, and its consequent

education, which should be as nearly as possible perfect in all its de-

tails.

Thirdly, to modify, add to, and com])ine existing propositions for

reform in the Navy, moulding them into a homogenous mass and then
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to construct a scheme of traiuing by which the new phan may be made
to yield the best results.

Upon deliberation the latter course has been chosen, for in it is

found much now sanctioned by law or stamped with the approval of

eminent authority, a practicable mean between what is and what might

be. That any well digested plan of naval education should involve a

consideration of naval organization is unfortunate, but the two subjects

seem to be so mutually dependent that a satisfactory treatment of the

one, without trenching upon the other, appears hopeless. Should at-

tention be incidentally drawn to the kindred and equally serious topic,

much benefit to both might accrue.

I. Officers.

The plan for the education of the officer which is offered for your

consideration comprises three integral parts

:

1st. General schooling of cadets at the Naval Academy
;

2nd. A lengthened probation at sea to secure experience in the ser-

vice and the habit of command
;

3rd. The establishment of a Post Graduate Course for the encour-

aging, fostering, and developing of the specialties of the profession.

It is essential that the position to be assumed under the third of the

foregoing heads should be made definite at the outset, for it involves

nearly every innovation which will be suggested.

We are all deemed naval officers, no matter what be the corps or the

specialty. I am strongly urged to believe that the difierence of corps is

merely a difierence of specialty, that the one may be made to replace

the other with benefit, and that the needs of the service, with the ex-

ception of surgeons, will be best supplied by officers of broad naval

training and experience who have devoted themselves to particular

lines of thought and labor from deliberate choice, based on a full know-

ledge of the wants of the navy and their own mental bias, and who

have followed these lines with the earnest zeal and untiring vigor of

early manhood.

To this belief, against my preconceived notions and to a certain de-

gree against our traditions, I have found myself gradually but surely

impelled. It appears a logical deduction from the premises, the con-

ditions to be fulfilled.

The sea officer can no longer afford to remain in comparative igno-

rance of the modes of disbursing and accounting of government funds,

or of the theory and practice of the motor upon which may depend the
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safety of his ship and the issue of battle—nor, on the other hand, can

the government afford the luxury of paymasters restricted by capacity

to the performance of their own narrow duties (I say it with all respect)

and of engineers useless except while steaming.

Given the vast fund of intelligence scattered broadcast over our land

from which to draw recruits, the inducement of an honorable calling, a

comfortable income and liberal retirement during life, with a pension

for the family thereafter, it is not too much to assert that no matter

how high we raise our standard of mental and physical ability we shall

never lack a superabundant supply of properly qualified young men to

fill the navy list with good sea officers able to direct and superintend

any of the departments of ship board.

The duties of the paymaster and the marine officer can be performed

without difficulty by line officers detailed for the purpose. I may re-

mark parenthetically that, in the case of the former, this has already

been done successfully in the Imperial Russian Navy.

That the engineer may be advantageously replaced by the sea officer,

who has been trained in the manner to be shortly described, will, it is

hoped, become evident.

As to the other points, there can be little difference of opinion ; here

however it is necessary to make haste slowly and to be clear beyond
the possibility of misunderstanding.

The average line officer justly believes himself competent to take

charge of the engines of a ship in the event of emergency, and a know-
ledge of the elements of steam engineering is essential in his various

examinations.

Even if this be too strongly stated, that such ideas should be enter-

tained at all and in their mildest form is significant. It shews, conclu-

sively, that the times have changed, that more is demanded of the

officer now than in by-gone days, and that he must needs be familiar

with matters pertaining to his calling other than the bare routine of

duties. It is also true that the engineer is no longer the engine driver

and mechanic, but an officer, like his colleagues, of culture, science and
reflection. The engine driving has passed into other hands. With the

engineer still rest the responsibility and superintendence of running

and repair. The cadet engineer and his training, the assistant and his

duties, are a perfectly normal development. They indicate the kind of

engineer considered most desirable for the navy by those commissioned

to speak with authority on this subject.

A glance at the curriculum of the Naval Academy will however suf-
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fice to make evident how readily the studies pursued by the Cadet
Midshipmen may be extended to cover, in addition, the special ground
now passed over by the Cadet Engineers. This will be the more easily

effected when the establishment of the Naval College shall permit the

postponing, to a later time, and for those only who are desirous of its

benefits, the study of certain higher branches which go to form what
may, by analogy, be called the Naval Officer's " Superior Education."

The proposed abolition of the Pay, Engineer and Marine Corps
could only be carried into execution in the course of time ; the present

arrangement of duties continuing until these corps had gradually dis-

appeared—their similar grades in the line being correspondingly in-

creased.

To substitute a homogeneous whole for the present needlessly diver-

sified organization is no light task, but that it must be done appears

both clear and peremptory.

To argue that cadets should be appointed to the Naval Academy
only upon competitive examination is to waste breath in asserting

what every one knows to be true, and Avhat every one also knows polit.

ical patronage will never permit. It is thought, however, not impos-

sible to combine political patronage and competitive examination.

The Academy graduates at present more cadets than the Navy can

provide with vacancies. Within so short a space of time as a year or

two, there must result a terrible stagnation in the lower grades, a stag-

nation which can but grow rapidly worse and more distressing
;

yet,

under the present regime, to reach a certain standard is to receive the

coveted diploma and a consequent lien for life upon the government.

The remedy to this defect may be made incidentally to subserve the

purpose in view in these pages.

It is suggested that no change be made in the manner of appointing

candidates for entrance—that they pass a competitive examination in

the elementary branches, and that a number be admitted equal to

twice the number of vacancies which occurred during the preceding

year in the corps known as line, engineer, pay, and marine. For cer-

tain reasons, which will be given later, it is believed that the age of

admission should be between 14 and 16 years. It may be remarked

that the congressional district whose candidates always failed would in

any given number of years have enjoyed the maximum of patronage.

At the end of the second year and practice cruise of these there

would be retained a number equal to all the vacancies created during

the previous twelvemonth in these same corps. This opportunity should
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be seized for selecting, not necessarily the cadets whose only merit lay

in scholarship, but those who promised to be most valuable as officers

exhibiting manliness, zeal, adaptability to the service, the habit of care-

ful observation and the germ of the faculty of command. To this end

a board of oiBcers especially chosen for this delicate yet highly import-

ant duty should assign to each cadet a number or multiple based on

his officer like qualities, the maximum not to exceed one-half the total

maxima for scholarship. The standings being thus arranged to em-

brace a consideration of the practical as well as the theoretical part of

the naval life, the surplus beyond the requisite number would be dis-

charged and sent to their homes at government expense. The effect

upon discipline and studies of thus holding out a near and definite

prize to be striven for at the Academy can better be imagined than

described.

As to the curriculum, there is little I feel competent to propose which

would not naturally result from the new order of things. The two

courses pursued would be united, the distinction between line and en-

gineer, as now understood, no longer existing, and all the Cadets re-

ceive the present instruction in Steam Enginery, Mechanical Draw-

ing, Practical Wi)rk in the Machine Shop &c., for engineers ; and in

Gunnery, Seamanship and Navigation for the midshipmen. The study

of Naval Construction, the Designing and Fabrication of Machinery,

Higher Mathematics, the Strength and Resistance of Materials, and

Law should be deferred to the Post Graduate course; the time thus

saved at the Academy to be occupied, 1st, In such lectures as might

be deemed requisite to convey the necessary general notions of these

subjects, 2nd, To increased practice in Seamanship and Machine Shop

Work, in the Chemical and Physical Laboratories, and in Sketching.

Upon the value of this last art, I can not lay too much stress, for I

have often and deeply regretted its lack, in my sea experience. Nor
can I refrain from expressing the desire that the proper use of the

voice, so weighty an assistant on shipboard, should be carefully taught

by some competent elocutionist. The must able officer may be helpless

in time of need through inability to make his orders distinctly heard,

even while possessing the requisite lung power.

The matter of the practice cruise, however, is not to be lightly passed

over, I find myself obliged to think that the present plan, involving

as it does, in spite of the earnest endeavors of vigilant officers, the

crowding together of sailors picked up at random and a lot of boys,

fresh from home, at their most impressionable age, must be fraught
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with danger to their morals, and to the tone of the service of which

they will one day be the exponents.

During the term, a small light draft brig or barque for trips into the

bay once a week on any day when the wind serves, and a small screw

steamer for engine-room practice and as a tow boat in posse would give

ample opportunity for practically enforcing the teachings of the class

room. The permanent crews of these vessels should be men of that

type not infrequent in the Navy—honest and capable—not lesss re-

spected by their officers than their messmates—men to whom we all

would willingly entrust our own sons.

For two summers, a practice cruise divided between the steamer and

the sailing ships should be made in Chesapeake Bay with possibly, a

stretch northwards.

The last six weeks between the terms should be given to the cadets

that they may run home for relaxation. With how much more zest

would they return to their books and drills and discipline than now
from their dreary summer in Gardner's Bay.

The objection often urged against youngsters fresh from the Acade-

my is that they come on board a ship with only the vaguest possible

notions of their own place and duties. A simple remedy suggests itself

During their last summer at the Academy let them serve as midship-

men and engineers on board of some vessel or vessels in the home

squadron, where, in the school of actual experience, they will speedily

acquire, at a time when its lack can occasion no embarrasment, that

peculiar technical knowledge of routine and the assignment of work

and duty on ship-board so puzzling to the landsman, so necessary and

invaluable to the seaman.

Our cadet now leaves the school with much theoretical and a fair

share of practical training and able to take a watch on deck or in the

engine room without mauvaise honte. He should be sent to a large, full-

rigged, full-powered ship and forced to perfect himself in the practice of

the profession.

He should be made to describe with sufficient minuteness everything

of importance and interest to which his cruise gives him access—to

sketch fortifications, engines, boilers, dock-yards, machinery, ships, new

or strange rigs and people, and to make accurate plans of the boilers

and engines of his own vessel. He should be made to keep, in lieu of

that detestable fossil, his copy of the ship's log, a scrap book in which

to preserve the current history of his calling as embodied in the techni-

cal magazines and journals and the leading newspapers. To his famil-
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iarity with the latest improvements in ships, guns and armor I would

give great weight at his examination for promotion. I cannot but dep-

recate a style of examination which assumes nothing for granted, which

exacts of the would be commissioned officer little more than a reviewal

of his Academic knowledge and, in ignoring the rapid strides of naval

science in all its branches fails to demand that every aspirant should

keep himself abreast of his profession in its very latest phases.

I have purposely taken my youngster from home at a comparatively

early age, for I wished above all to subject him to the traditions and

experience of our service at a time when his nature is susceptible ; I

have tried to return him, more frequently than is now the case, to the

atmosphere and influence of his home that its hold upon him should

be assured ; and I have tried to fill his restless years with the assimila-

tion of sound professional food. But his training is far from ended.

As a junior officer, he increases his responsibilities and experience on

shipboard, serving by turns on deck and in charge of the engines, not-

ing all the while the possibilities of the service and encouraged to

weigh well the advantages of each special career it opens to him.

When, at about the age of twenty five, in the new order of things, he

reaches the grade of lieutenant, the early manhood of the navy, his no-

tions have become clearly defined, his bent decided, and his professional

taste established. He is competent as a Watch and Division Officer and

competent as an Assistant Engineer. He knows exactly what he is and

what the Navy is; he can choose advisedly whether to remain a line

oflicer pure and simple, or, in addition, to qualify himself by labor and

study for the efficient performance of duty in one of the allied branch-

es ; lastly, he is old enough to appreciate, and young enough to im-

prove, the opportunity for training in the special career selected. This

opportunity would be found at the Naval College.

This institution should consist of such theoretical and practical

courses as would supply the demand for technically trained talent in

the navy. Every officer above the grade of master should be eligible

for admission subject to certain conditions. 1st. He should, within

twelve months, have completed a full cruise of at least two consecutive

years, with a reservation in favor of exceptional cases to be decided by

the Secretary of the Navy. 2nd. He must have performed at least five

years' sea service in all. 3rd. He must indicate the studies and ex-

ercises (at least two in number) he wishes to pursue, or the speciality

to adopt. 4th. He must pass satisfactorily an examination so rigid

as to prove that his application for entry is in good faith and has been
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preceded by honest study and careful observation. The college must

not be for the recalling of forgotten learning.

The following courses suggest themselves at once; others would

doubtless be found necessary or desirable.

1st. Higher Mathematics.

2nd. Mechanics, Pure and Applied ; Strength of Materials.

3d. Physics.

4th. Chemistry and its applications to shipboard.

5th. Law, Constitutional, International, Maritime, Naval.

6th. Astronomy and Surveying, Land and Marine.

7th. Practical working in Metals.

8th. Steam Engineering Theoretical and Practical, Engine Con-

struction.

9th. Theory and Construction of Ordnance.

10th. Naval Architecture, Ship building in Iron and "Wood.

These courses may be grouped so as to emphasize their bearing.

Thus a lieutenant studying to qualify himself as an ordnance officer

would take up Mathematics, Mechanics, Physics, Chemistry, Metal

Working and Gun Construction ; as an Engineer, the same, substituting

Steam Engineering, &c., for Gun Construction ; as a Surveyor, or

Astronomer, the first two, substituting Astronomy, &c.

It is urged that, when their natures permit, these branches be taught

practically—that, for instance, the student in chemistry may learn how

to conduct a water analysis both roughly to pass judgment upon its

potability and quantitatively to ascertain the nature and amount of its

impurities ; or, again, to determine the per centage of carbon in a sam-

ple of steel submitted for gun making, and in metal working how to

use a lathe or planer, to forge and temper tools, to shape, tap and finish.

It may become advisable to send the students from time to time to

places where interesting and instructive work in their specialities is in

progress. Thus at the New York Navy Yard, the laying down or build-

ing of a ship or a marine engine might warrant transferring there, for

a season, all the students in Steam Enginery and Naval Construction
;

or the would be Ordnance Officer might spend a few weeks temporarily

attached to the Washington Navy Yard during the fabrication of some

typical piece of Ordnance. The Naval College, be it understood, is

always subordinate to its instruction.

Rigid examinations should be held when each particular part of a

course is completed, and only those students whose proficiency is

"great" should be passed. Failure to reach this standard should be
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followed by detachment from the College. In each branch, the exam-

iners, the Faculty of the college, should be authorized to grade the

proficiency either as " great " or " very great." At the end of the whole

elective course, the graduate would be given a diploma showing, on its

face, all the branches studied, the proficiency in each, and, when sought,

the specialty in which he has qualified.

This diploma will warrant placing after his name, in the Navy Reg-

ister, initials indicative of the specialty, with an additional distinctive

mark when his proficiency has been "very great " in every branch.

When employed, in consequence of this diploma, on special duty, he

should receive an increase of pay, say ten per centum.

The demand for skilled surveyors, ordnance officers and engineers by

the navy in general, and for exceptionally capable men as instructors at

the Naval Academy is very large. The establishment of the Naval
College, with its supply of this much needed personnel, will be hailed

with joy by every one who has the interest of the service at heart.

The location of this college presents many difficulties. There are re-

quired, a library of reference, working laboratories, an observatory and

a machine shop close at hand ; with gun shops and dockyards not far

distant ; competent instructors, suitable lecture rooms and either gov-

ernment quarters or ample boarding accommodations. Undoubtedly
Annapolis with the Naval Academy facilities, the proximity of the

Experimental Battery and the almost vacant Naval Hospital (which

could be utilized as quarters) offers a maximum of material advantages.

The disadvantages both moral and material, are obvious and grave, but

I fear that, in the beginning, at least, they must be accepted. Until the

practical working of the scheme be ascertained it would be folly to spend

money in duplicating buildings and apparatus. If the Naval College

should realize the anticipations of its advocates and satisfactorily sup-

ply a pressing want, its settlement elsewhere, in a more favorable spot,

might eventually be effected.

And here let me say, that a far greater percentage of officers than is

suspected have long wished for an authorized post-graduate course of

study in the higher branches of their profession. Many, who would
not care to undertake the labor of gaining a specialty, would gladly

follow two or three branches in the intervals of sea service, either from
love of study or professional pride ; and not a few would find, in the

maturer pursuit of learning, a salve for the bitterly repented neglect of

early days. It is, I think, not indiscreet to say that a large number of

officers have, at various times, accepted duty at the Naval Academy
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solely as affording an opportunity to refresh and extend their technical

or scientific knowledge. From among these, as well as the more am-

bitious, the applicants for admission to the Naval College will be

drawn. That the Navy may no longer be upbraided for misuse of its

unparalled opportunities of exploration and research in distant lands,

I urge that the Department, at its discretion, permit a limited num-

ber of officers, say ten in all, and under the conditions prescribed for

admission to the Naval College, to attend certain of our leading univer-

sities for instruction in Natural Science, the diploma or degree received

to be indicated in the Navy Register.

Should the suggested simplification of Naval organization prove "a

barren ideality," the need of a naval college would none the less

exist. It is as urgently called for to-day as was the Naval Academy
in years gone by. In spite of what may be said to the contrary, the

Naval Academy does not fulfil every requirement of schooling. It can

not. Its course is a matter of necessity, not of option, and its grad-

uates rejoice, with reason, when it is completed. There must gradually

unfold itself in the mind of every young officer a preference for some

particular line of duty over the others. This preference can but in-

crease—it is the germ of his greatest usefulness—the expression of his

truest force. The navy is suffering, at the present moment, because

this bent has been, I had almost said, systematically discouraged. We
know, ourselves, the shortcomings of our education and we plead for

the chance of bettering it.

The " Applications of Chemistry to Ship board" include among a

host of other interesting and weighty matters, with which the materiel

is chiefly concerned, the philosophy of protecting sailors against damp
and foul air, the detection of these foes to health, the safeguards to

adopt in malarial districts etc., in short, the Elements of Nautical Hy-

giene : also, the testing of water for drinking, the rationale of food

preparation and cooking, with practical instruction in the simpler meth-

ods available on ship board. The devil certainly sends the navy its

cooks. I can only wonder that their long and unchecked career has

been attended with such comparatively little mortality, for they make

Jack's grub as indigestible as possible. The ration issued is good in

quality, liberal in quantity and of sufficient variety. In the hands of

only moderately trained persons it might be made to yield excellent

results. I certainly think that Jack may, with justice, look to his of-

ficers for relief in this respect.

This branch is of great importance from a naval point of view, in-
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volviug, as it does, the maintenance of a minimum of morbidity and

a maximum efficiency of the ship, for a sickly ship is but half a man-

of-war. Every lieutenant should undergo instruction in it, at some

convenient time before promotion.

In like manner, the course in Law should be followed by every lieu-

tenant commander to prepare him for decision and action in the many
cases of international and maritime law which his service will embrace.

This chair at the Naval College would demand a lawyer pre-eminent-

ly distinguished for his talents and experience. Its emoluments should

be commensurate with its dignity and importance. It may be remark-

ed that its holder, through the proximity (in any event) of the College

to Washington, would be enabled to retain his practice in the Supreme

Court of the United States.

The lieutenants, who have properly qualified at the College, will be

sent on board ship to occupy the place held by the Chief Engineers of

the presentday, and, in addition,to drill, exercise and care for the men in

the Engine Division. Should these officers be more numerous than is

necessary, (a most desirable state of affldrs, as affording an ever ready

reserve,) they will, of course perform their regular duty as lieutenants.

In neither case do they lose seniority, and they will be subject, at all

times, to any duty of which they are capable. It is believed that they

will be at least as competent as the engineers now entering the navy.

They will, however, be more valuable to the service at large through

their wider sphere and capacities, and their ability, at any instant, in

time of need, to stand a watch, fight a gun or command an expedition.

It is from this class of officers that I propose recruiting the Corps of

Naval Constructors.

Our navy is too small to permit mistakes. Our appropriations are

so scanty that we cannot afford costly experiments. Every dollar must

be made to bring its full value to the country, and the adjustment of

energy to result must be free from blunder. Every frame erected,

every bolt driven, every plate riveted, every detail of arrangement

must follow as a natural sequence from the care and thought expended

upon the plans. No excuse can be found for faulty construction of

hull or engines, for a misplaced gun-port, lack of suitable ventilating

scuttles, poor lines, bad sea-going qualities, indifferent speed. The na-

tion has a right to expect nothing but success where new schemes are

not definitely warranted. Yet, I am credibly informed that the Trenton

costs as much as the Sultan, that the Tennessee cost more than the

Alexandra. It is said that a naval constructor of high standing once
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needlessly raised the outboard delivery of one of our largest frigates

some two feet, to the water line, because " the pumps could not work

against the outside pressure." Many of us have experienced the horri-

ble effects of ventilators emptying the foul gases of the bilge into our

rooms and under our very noses. Instances of like criminal ignorance

of the bai-est elements of mechanics arise ad naxiseam in the mind of

every officer who has made even one cruise at sea. When it is remem-

bered that, practically, the only qualifications for this corps, beyond the

necessary political influence, are that the age must be between twenty-

four and thirty and the applicant a shipwright, the only wonder is that

we should have been fortunate enough to secure the honorable few who
have been everything good which the corps has contained and who have

given us ships of which we may still speak with some degree of pride.

But, I submit that these able men should not have been singular
;

that the money at stake, and the paramount importance of their duty

combine to exact, in all, the brightest talent, the deepest study, and the

widest experience possible. Instead of being mere shipwrights who
have never even necessarily seen blue water, these officers should

possess the keenest intellect in the whole navy, should be familiar with

ship lite and its needs, the behavior of a vessel in a sea-way, under

every condition, the strains and stresses to which she is subjected, with

the designing, constructing and actual working of spars and sails, en-

gines and boilers, with Naval Architecture and Ship Building in all

their phases : in a word, he ought to know everything about a ship

both theoretically and practically. Such men are hard to find, natur-

ally ; but it is hoped that our Naval College will produce them. The

inducement I would hold out to officers to strive for admission to this

corps, at once Naval Constructors and Designing Engineers (for

it is folly to divide responsibility here) would be the greatest the ser-

vice affi)rds, high rank, good pay and ordinarily exemption from duty

afloat. I am fully persuaded that we should buy their services cheaply

at this, or indeed, at almost any price.

Upon reaching the grade of lieutenant-commander, those who had

qualified and had served as Engineers would return to the Naval Col-

lege for the course in Naval Architecture, Ship Building, &c. The in-

struction in this course should be in the hands of the ablest expert ob-

tainable and no pains or expense should be spared to perfect it. Upon

its completion the existing vacancies in the Corps of Naval Construc-

tors would be filled by competitive examination—the successful appli-

cant receiving immediately the rank and pay of Commander. These
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officers should not be sent into service on board ship, except at their

own request or in case of emergency, but they would continue to be

naval officers.

I may be allowed to express the belief that their esprit de corps

would prove a strong defence against the peculiar temptations to which

they would be subjected. Their duty would be the designing and

building of ships and engines in all their details, spars, boats, equip-

ments, &c. I venture to predict for them a measure of success beyond

our most sanguine expectations.

The foregoing system of naval education, coupled with the changes

suggested in the organization of the navy, would result in,

1st. Supplying our men-of-war with but two classes of officers, com-

batant and medical.

2d. Putting an end to the present needless and costly differentiation

of duty.

3d. The developing, by a species of Natural Selection, of trained

specialists in every branch.

4th, A Corps of Naval Constructors and Designing Engineers of

wide experience and pre-eminent ability.

5th. Incidentally holding out to the ambitious a distinction and a

reward for marked professional zeal and attainments.

With an unchanged naval organization, the advantages claimed

for this scheme are,

1st. A higher grade of mental capacity on the part of students at

the Naval Academy.

2d. The stimulus of a definite position to be secured to the cadet

only through attention, study and officer-like qualities.

3d. More frequent leaves with their unquestionable benefits.

4th. Better practical instruction in that prime essential of the ser-

vice—seamanship.

5th. Sounder training in that other factor, steam engineering.

6th. The postponement of the higher or more abstruse branches to

a later date, when their value will be better appreciated.

7th. A grading of the standing of cadets more in harmony with

the actualities of the service.

8th. Better fitting of cadets for the performance of their duty on
board ship.

9th. Systematic cultivation of the observation, and careful school-

ing in the practice of the profession.

10th. A rewarding of the zealous, upon obtaining their commissions
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for familiarity with the latest advancements in Naval Science and Art.

11th. Official encouragement of the study of Natural Science at

some of our Universities, during the intervals of sea service.

12th. An incentive and an opportunity to study, under competent

instructors, any speciality of the profession before assuming it definite-

ly as a life's task.

13th. Supplying each of the various departments of the navy with

trained men for its technical and scientific work.

11. MEN.

The necessity is urgent that every man on board ship, with few if any

exceptions, should possess a knowledge of the rudiments of his general

calling ; that, first of all, he should be a sailor, able to lend intelli-

gent assistance in time of need in saving a spar or a ship, to handle

an oar in a boat lowered to rescue a drowning comrade, to load a rifle

rapidly and fire it with accuracy, to serve a gun whose crew is crippled,

at a time when one more efficient piece may turn defeat into victory.

It is not however meant, that all should be seamen in the full sense of

the word ; for a true seaman is expected to be able to knot a parted

shroud, to pass a weather ear-ring, to mend a sail, patch a boat, handle

tools, in short do anything and everything on board ship. But the re-

quirements on the part of the other members of the ship's company are

not onerous (any apprentice at the end of his term can fulfil them)

nor is their subject any the less capable in his special occupation.

A long continued and unsuccessful attempt to secure the proper el-

ments of a crew in the open market of the world's sailors has shown,

conclusively that, to get what the service needs, the service must take

American boys at an early age and train them after its own pattern.

The faults which have shipwrecked former apprentice systems are, 1st,

an almost inevitable tendency to coddle the boys and thereby practically

unfit them for the rude life they have chosen ; 2d, an equally almost

inevitable tendency to give the boys more book learning than is neces-

sary, and, in general, to substitute theory for practice; 3d, holding out

inducements of rank and position which but few could possibly attain

;

4th, lack of the constant drilling with spars, sails, &c., for which

chiefly, the school ships were instituted ; and 5th, a not infrequent

buncombe administration where the essentials were sacrificed to display.

The present training system is in wiser hands and promises to avoid

the errors of the past. It seems odd, to say the least, that there should

be no single head nor indeed any one authorized plan in detail for the
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governance of all our school ships. What may not be positively harm-
ful, at this writing, might, by a change of officers, result in hopeless

confusion. It is suggested that the various branches of this highly

important service should be united under one well considered adminis-

tration. The officer best fitted to direct this administration is too well

known to need mention.

The raison d'etre of the apprentice ships is the teaching of boys to

be man-of-war's men—nothing more and nothing less—they are not

schools in Euglish Literature or Universal History, nor, indeed, are

they schools at all, strictly speaking, but they are training ships in the

fullest sense of the word, to recruit the navy with American lads of

good physique and morale, brought up in the ways of the service and

accustomed to look to it for a home and an occupation all their lives.

From this point of view, whatever tends to raise them above their

calling, to make them dissatisfied with it or to impair their usefulness, is

bad. The system has but one end—there are and can be no side issues.

The conditions of ship life are so strange to the novice as to demand
a fairly large proportion of his training. The habit of cleanliness in

dress and person is of first importance. I am told, by those experinced

in the matter, that this point gives infinite trouble, necessitating con-

stant vigilance and inspection. The average apprentice appears to

be wedded to his pristine dirtiness. The making and mending of his

own clothes is a next step. This art is, or should be, acquired before

the apprentice is drafted into a seagoing ship. Many boys learn the

use of the needle within three or four months so as to supply their bags

and keep them in excellent order.

Time is too short to waste in a discussion of the book learning the

apprentice ought to receive. Every one is agreed upon the three Rs. My
own convictions, however, are strong against any instruction whatever

beyond the barest elements. I do not say that the apprentice will not

be a better man for the possession of greater knowledge but I do say

that the navy will, in nine cases out of ten, lose his services. The life

before him is clearly and honestly explained before his enlistment, and

all false notions and expectations dispelled from his mind. After this

to overeducate him into disgust for its routine and discontentment with

its rewards is neither right nor politic. It is sacrificing the interest of

the navy to a sentiment; or, what is worse, to a lazy device for keeping

the boy out of mischief In any event, we may be sure that this, the

least important part of his schooling, will, generally speaking, gain the

most attention.
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The practical part of his training comprises Routine and Duties,

Drills and Exercises, Marlinspike Seamanship, Sail Making, Use of

Tools.

Under the first head comes all those means for teaching how things

are done on board ship and who does them. The acquisition of this

knowledge is mainly a matter of time and experience. It may be

hastened by making the youngsters serve by turns in each "part of the

ship" and as messengers. Adherence to the usages and traditions of

the Navy is evidently of immeasurable importance onboard the school

ships. In the matter of routine they cannot afford to be experimental.

The second head deals with the efficiency of the ship as a cruiser.

Here I plead for conservatism and the old forms in what pertains to

spars and sails, and for greater pains and uniformity in the pulling of

boats and their handling under canvas. What is prettier than a sea-

manlike manoeuvre in a ship's gig or cutter with a well-trained crew ?

What is more discouraging to Jack and discreditable to his officers

than his having to labor at the oar while a handsome working breeze

is blowing profitless? Frequent opportunities should be sought and

practice had in landing through surf. Any one who has had to per-

form this dangerous duty with an ordinary, and therefore unpractised,

crew is in a position to appreciate the value of this suggestion. More

knowledge on this score will be gained in one actual experience than

in years of theoretical study.

The remaining heads comprise the handicrafts with which every sail-

or should be somewhat familiar. I would have the apprentices divided

into three gangs, to work with the Boatswain, Sail Maker and Carpen-

ter respectively, at least four afternoons every week, for three months

at a time in each gang.

The Boatswain's gang would learn Marlinspike Seamanship, includ-

ing, to a certain extent, the fitting of rigging, both hemp and wire. It

is suggested that, when feasible, the light rigging of one ship at a

time, or various typical parts of her rigging be always fitted on board

the school ships. Work upon this rigging would soon be regarded as

an honor if permitted only to the most expert members of the gang.

In like manner, the Sailmaker's gang would learn the use of the

palm and needle. Suitable work might be supplied to this gang from

the nearest navy yards, in the shape of hammocks, light sails, awnings,

etc., already cut.

A similar method with the Carpenter's gang is rendered less practi-

cable by the evident impossibility of providing so many boys with the



340

necessary work and tools. In this case, only a few could be trained

at once, but the gang would simply be divided into sections taking

turn about.

What is sought is merely that handiness which is generally and

rightly assumed to be the sailor's leading characteristic—not the turn-

ing out of efficient journeymen. It is believed that better results will

be reached by keeping to one trade for some time continuously than

by passing constantly from one to the other. Moreover, the interest

would not be lost, as the piece of work would be seen to progress from

day to day.

• When the ship is so placed as to permit, the odd afternoon of the

carpenter's gang should be employed in practice in signalling, heaVing

the lead, and making and repairing flags.

The art of blowing the bugle, or playing on the fife and drum can

be so readily imparted to boys that it should be taught at this period.

We are all familiar, by experience, with the difficulty of obtaining

even indifferent musicians. The few apprentices absolutely incapable

of this much music could be profitably employed in other ways, say in

learning cobbling.

The singing of the old songs of the navy, now a part of the instruc-

tion on board of the Minnesota, bears its own commendation.

In the British Navy, lively youngsters are occasionally given a whis-

tle and detailed as " call boys." This plan for training boatswain

mates in one portion of their duty appears worthy of consideration and
trial, both on board the school ships and in the service at large.

Play is as essential to a boy's well being as his daily bread, and good

results cannot be expected from any system in which it does not find

both place and opportunity. While tied up to the dock, in winter, all

hands should be turned out to grass (or its substitute,) several times a

day, in good weather. All open-air games should be encouraged and

the necessary apparatus purchased by the boys and the slush fund joint-

ly, when it is not practicable to make them. In view of the universal

rule of human nature, that things lightly gotten gain light esteem, I

would help in this matter, but not take the burden entirely from their

shoulders. It may be remarked that the manufacture of balls, bats,

etc, would furnish a slight but rather interesting quota of work to the

gangs already mentioned. In bad weather, many excellent games can

be played between decks.

While cruising during the summer, a proper playground should be

secured in every port, and the boys sent to it daily if possible. For
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them, this relaxation would be far preferable to a sailor man's liberty

with its suggestion of rum shops and debauch. The usual Saturday

and Sunday liberty would, of course, not be abridged.

That every apprentice should know how to swim is self evident, not-

withstanding the marvellously large proportion of sailors to whom the

art is as a sealed book.

It goes without saying that creditable proficiency in schooling and

training, a well stocked kit, freedom from debt, and a good conduct

record should be required prior to the drafting of the apprentice into a

cruising vessel.

Until the expiration of his term, the apprentice should be regarded

by his officers as their especial charge, and his acquirements maintained

at the original standard. With the excellent start received on board

the school ship, it will be largely their fault if the twig fail to grow in-

to a symmetrical tree, the apprentice to develop into a smart, handy

seaman.

The demand for artificers in the navy is large and varied. Each

ship must have its carpenters, sailmakers, armorers, machinists, etc., to

maintain its efficiency as an engine of warfare. Heretofore, we have

been compelled to accept a supply of men more or less indifferently

competent, and the competency has, not infrequently, been in direct

proportion to the mans' bad habits. It is proposed to seek another and

a more satisfactory solution of this difficulty by training such of the ap-

prentices as may desire it, in the handicrafts exercised on ship board,

utilizing, for this purpose, facilities already at hand. In this manner,

we shall secure homogeneous ship's companies of sailors already famil-

iar with man-of-war life and its many phases, and accustomed to look

to the navy alone for their reward for long and faithful service.

Indeed, why should we lack good sailmakers when every navy yard

has its sail loft which, in addition to its regular functions might be

so readily made to assume those of a school, to the profit of the navy

generally and, possibly, the lessening of the appropriations ? Must we

continue to pick up the refuse of dismantled merchant steamers, and

the weedlngs of factory employees, while our work shops are closed

to youngsters in the navy who would gladly fit themselves, if permit-

ted, as boiler-makers, copper smiths and machinists? The same query

might with equal force, be put in the cases of the other trades prac-

tised on board of our vessels. It is hard that the most lucrative and

responsible rates should be practically closed to apprentices who, alone,

purpose giving their entire lives to the navy.
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The following is an outline of the plan suggested.

Tlie written discharge of all apprentices, upon the expiration of their

terms, in addition to the conduct shewing, should carry, if he deem it

warranted by capacity, the recommendation of his Commanding officer

that the bearer be allowed to become a Naval Trade Apprentice.

[This title is put forward only for lack of one more suitable]. Upon
the re-enlistment of the former apprentice on a Continuous Service Cer-

tificate, and in such rate as he may be able to hold, he would apply for

permission to qualify in some specific trade plied on board ship. The

granting of this application, by the proper authority, would be fol-

lowed by his admittance for instruction to the particular designated

shop in some navy yard. His name would be borne on the books of

the Receiving Ship where he would live, subject to the same disci-

pline as others in her crew, but, during working hours, he would be

in the shop ashore, learning his trade under the oflacer in charge of

that department, and more particularly, under the foreman of the

gang.

The number of these trade apprentices in each shop, would be fixed

by the Chief of the Bureau of Equipment and Recruiting, and should,

of course, bear some definite relation to the number of holders of the

corresponding rates in the service. At the outset it might be necessary

to have the proportion of totals so high as one third. It is believed

that one fifth or one sixth would be ample ordinarily.

It is not wise to disguise the fact that the introduction of this new

element on board the Receiving Ship, demanding, for instance an,

earlier breakfast than their shipmates, and unable to take a constant

share in the care of the ship, will be attended with certain difficulties
;

but the value of this or some kindred plan is believed to be so great as

to make its practical execution a paramount duty. To this end, it is

suggested that, when needed, they spend their Saturday forenoons on

board in lending a hand in the general cleaning, that this point, as

well as the necessity of proper and decent appearance, their amenabili-

ity to discipline and inspection etc., be clearly set forth and under-

stood in the beginning. The privilege of liberty would naturally de-

pend upon satisfactory performance in the shop as well as good beha-

viour on board the receiving ship.

In practice, the would be carpenter's mate, or carpenter and caulker,

might qualify specifically as a shipwright, joiner, block maker, spar

maker, caulker, boat-builder etc., and a carpenter's gang on board ship,

when large enough, should include one man of each class.
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lu similar schools, the nav}' would rear its sail makers, coopers,

painters etc., and even its musicians.

No apprentice should be rated seaman who had not qualified as a

rigger in some navy-yard loft. For this rate, under the new condi-

tions, I urge more consideration and more pay. Seaman should be a

term of honor and a distinction to be accompanied by cori'esponding

emoluments.
' The Ordnance Departments of the New York and Washington

Navy Yards naturally suggest themselves as proper places for the

qualifying of zealous and capable youngsters for the duties of quarter

gunner and armorer. Here they would be familiarized with the modes

of putting up ammunition, the care, preservation and repair of ord-

nance and small arms.

The recruiting of the Engine Department, in particular, would be

effected in much the same general way. The apprentices desirous of

such service would, on re-enlisting on Continuous Service Certificate,

be subjected to a special and rigorous examination by the Surgeon, to

reject all but those peculiarly adapted in physique for duty in the fire

room. They would serve one cruise as coal heavers, being instructed

at the same time as firemen by the Engineers of the ship. Their pro-

ficiency in this respect would be stated on their Continuous Service

Certificate. During the second re-enlistment, they would perform the

duty of firemen, thus acquiring practical acquaintance with their call-

ing in its lower developments. Upon the third re-enlistment, the au-

thorized number, selected according to capacity and conduct, would be

permitted to enter the dock yard work shops to qualify as 1st, boiler

maker or coppersmith, 2d, machinist—one half of the enlistment being

passed in each shop. After this they would habitually ship as copper-

smiths or boiler makers and be rated higher as occasion demanded.

With the proposed system well under way a machinist or engineer's

yeoman would only be appointed from the rates of boiler maker or

coppersmith.

It is suggested that, at the New York Navy Yard, a school be estab-

lished under competent experts for ship's cooks and bakers. The form-

er might be taught the various methods of utilizing the navy ration,

both of salt and fresh provisions, and the latter how to make sweet,

wholesome bread. Admittance to this school should be open to all

Continuous Service Certificate men upon the recommendations of their

previous commanding officer. It is hard to exaggerate the need of

this institution. The daily waste of food effected by the present geuer-
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ation of cooks would almost maintain a second ship's company ; and

what is saved from the general wreck is often tasteless and valueless.

In the last quarter of the nineteenth century it is idle to say that the

old methods are alone available.

Such portion of the three year's enlistment as might be found suffi-

cient, would be passed in the work-shop. At the end of this time, the

Trade Apprentice should be pronounced qualified or not qualified ; the

statement, if in the affirmative, to go upon his continuous service certi-

ficates over the signature of the officer under whose charge he had

been instructed. The remainder of his term should be served out in

the home squadron.

Nurses should be trained at the various Naval hospitals, and Apoth-

ecaries at the Naval Laboratory.

The stamp of proficiency borne on the continuous service certificate

is not to be understood as entitling its holder to a rate. The law

trusts such matters to the Commander, but his choice might well be

guided and confined to the authorized eligible, except in special cases,

for good reasons.

The foregoing is suggested merely as an outline. The innovations

involved are so great and the ground to pass over so new, that the de-

tails can only be dimly foreseen. It is thought that this, or some sim-

ilar scheme having the same end in view, would yield good fruit.

But of one thing we are all certain, that the country can no longer af-

ford adherence to the old disintegrating system which has filled our

navy with all sorts and conditions of men, and made an American

man-of-war a veritable floating Babel. Our mercantile marine, now,

let us hope, at its lowest ebb, with the rising tide just making, can not

absorb its proper share of boys. For the moment they naturally look

to the Navy for refuge and honorable employment. But even in the

present state of affairs, the Navy will never secure their better class

and be true to itself until they shall know that, short of a commission,

upon themselves alone will depend their final reward in position, honor

and emolument.
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" Essayons."

In considering the question of Naval Education for officers and men

it is necessary to put clearly before us two things—1st, the material

upon which we shall have to begin ; 2d, what it is that we wish to make

out of that material.

I. Officers.

In the case of officers the material will prabably continue to be lads

of from fourteen to seventeen yenrs of age. The attainments of those

lads at the time they come into the hands of their Naval educators will

vary greatly. I am myself in favor of what is called a low standard

for admission to the naval course, for two reasons. First, I think there

is rough, substantial justice in the view that where Government provides

an education out of the money of the whole people, the entrance upon

that education should be, as far as possible, open to all parts of the

country ; as well to youths coming from less favored sections as to

those whose homes are within reach of the best educational facilities.

It may seem that the same argument would apply to a reduction of

the final standard, or that of the whole course ; but, independently of the

fact that no argument can be pushed to an extreme, I apprehend ex-

perience will show that, once admitted, the effi^ct of force of character

and perseverance will be generally equal to overcoming the previous

disadvantages. Perhaps in the long run the ease with which more ed-

ucated boys would master the early part of the course, would tend to

slacken their own energies and put them yet more on an equality with

their less favored rivals.
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A second and stronger reason for a low standard is greater facility

of moulding. Remember that we have here before us no mere question

of a general education, or carrying on to perfection, in a higher insti-

tution, the work already well begun in a lower. The Naval educator

has, in any event, to begin at the beginning and fashion, for a special

and singular purpose, crude material into a highly tempered weapon

fitted for a life and actions which, in their ideal, call for the highest

qualities of vigor, endurance and intelligence
;
(I don't say knowledge.)

Under such circumstances it is an advantage that the character and

mind should have received as little previous bent as may be.

For these reasons I should prefer that the requirements for admission

should be confined to such knowledge as is not easily acquired after

childhood, or, if so acquired, requires a very disproportionate time.

Reading; writing a good hand; spelling; facility in the operations of

arithmetic up to and through decimal fractions ; such will indicate, if

not the whole, at least the level of attainment that I would require of

the candidate. For the same reason, i. e. facility of moulding and

shaping character, a matter quite as important as mere brain develop-

ment in the question before us, I would distinctly prefer lowering the

maximum age of admission, (now 18 years).

The lad coming thus into the hands of his trainers, it is necessary, as

I have said, before consid^ing the course of education, to consider what

sort of man you wish him to be when he enters the service; and wliat

possibilities of future development he should be prepared for. This

involves the question of what the ideal naval officer of the present day

should be; a question that must be dealt with here, to bring out clearly

my idea.

I am persuaded that in our theory of education we have failed in

this country to recognize that the progress of the mechanical sciences,

and the vast change thereby made in naval vessels and their arma-

ments, as well as in other means of warfare, have made necessary the

organization of corps of specialists. Recognizing and dazzled by the

stupendous nature of the changes made, and the wonderful things ac-

complished by the labors of science, those who have had the direction

of our naval education, or who have exerted influence upon that direc-

tion, seem to run away with the idea that every naval officer, having

to use these engines of ofl^enoe or defence which the student or mechanic

has put in his hands, should therefore be able to follow out the long

train of laborious thought, be familiar with all the practical processes,

by which each of these mighty engines has been conceived and pro-
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duced. Singularly enough, in the only case in which an education

distinctly special has been laid down, that for the present Engineer

corps, the same confusion in adapting means to ends prevails; and the

country is now laboriously educating to a very considerable point of

attainment a number of men whose duties for many years, and till

middle life, cannot rise beyond those discharged competently, all over

the laud, by men wholly uneducated, in the usual sense.

It is necessary, then, to look forward to the end, and consider really

what you should require a sea officer of the Navy to be. We have ac-

tually gotten in the Navy, by constantly adding here a little, there a

little, to a pass in which we think that each military sea officer, or to

use the technical term, each line officer, should present in his own per-

son a compendium of mathematics including its highest branches, its

applications to numerous recondite physical problems, considerable

knowledge of the physical and mechanical sciences, and an intimate

acquaintance with the arts of the manufacturer ; all in addition to a

command of his own profession proper. P'ailing this, so many say, he

must descend from the high position occupied by him and his prede-

cessors for these centuries past and become the simple drudge of others

whose minds have received a more rigorous and deeper, though often

narrower, culture. Nor is this a mere thought ; only the mental impos-

sibility of cramming more study into a four years' course prevents an

attempt to carry the theory into effect.

Let me then try to state clearly what qualities, in my opinion, you

should especially wish in the line officer of the Navy. I scarcely think

I can err in assigning to the foremost place moral power ; strength to

control self and others ; fearlessness in responsibility and in danger

;

self reliance
;
promptitude in action ;

readiness of resource ; calmness

amid excitement. No amount of mental calibre, far less any mere

knowledge, can compensate for a deficiency in moral force in our pro-

fession. I wish carefully to guard myself from implying that knowl-

edge does not increase many of these powers, as it increases for exam-

ple the resources, or enables accurately to measure danger. My point

is this: will those habits of the student, the constant, strenuous appli-

cation, the amount of confinement and closet work involved, tend to

make a man more fit or less fit for the storm or the battle? I believe

they tend to impede the growth of the class of moral powers needed at

sea; to promote caution unduly; to substitute calculation for judg-

ment ; to create trust in formulas rather than in one's self. In truth the

matter may be shortly stated thus, that a man does best that which he
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constantly does ; moves more easily and better in scenes to which he

is accustomed ; and that it is given to few men to be equally at home

on the deck and in the closet, in action and in meditation. Yet this

is what our Navy seems to aim at.

Next to moral power follows, in my opinion, physical vigor. Few
probably will dispute the necessity of the latter, or the effect which it

exercises upon the faculties of the soul. It is most impressive to read

of the triumph of spirit over matter, as in the case of the typical naval

hero Nelson
;
yet even Nelson had to yield in the body, though his will

remained unconquered and good ; though lesser men, would have been

brought down long before. Although however I fancy I see injury that

has been done to bodily health by over study among officers, I do not

think it is as dangerous to the physique as to the morale.

I come last to what very many put first, i. e. the intellectual equip-

ment ; the acquired knowledge, I mean, as well as the natural ability.

I must here save myself from being misunderstood, by saying that I

put knowledge last, not because I undervalue that, or would accept

less than a very respectable amount of a kind I will mention later, but

simply in comparison with bodily and moral power in a naval officer.

No one would be supposed to undervalue physical courage because he

said a clear head and legal knowledge were of more value to a con-

sulting lawyer.

The knowledge that is necessary to a naval line officer is simply and

solely that which enables him to discharge his many duties intelligent-

ly and thoroughly. Any information that goes beyond this point is

after all simply culture, which, however desirable in itself, must not be

confounded with essentials. This is true although the special culture

may be of a kind very closely akin to his profession. For instance the

manufacture of ordnance, the intricate questions connected with ex-

plosives, have a very close connection with the military part of his

business. Yet to say that an exhaustive and exact knowledge of the

various processes by which the finished gun and the proved powder are

furnished to his hand and of the rapid though gradual advance made
in each, is necessary, is to occupy ground that is not tenable. Similarly

on the sailor side of the profession, it may certainly be said that an

accomplished seaman should understand enough of the principles which

govern naval architecture and determine the qualities of a vessel, to

guide him to some conclusions, above the level of a guess, as to the

causes of unsatisfactory behavior in any circumstances ; but it is going

a long way further to claim that he must be prepared to enter into an
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elaborate explanation of the method by which those principles are de-

rived and formulated. Yet the statement that the two branches of

scientific research and effort named above are, and must continue to be,

the work of two classes of specialists, to me a most simple and evident

fact, is practically not recognized as yet by our naval educators.

I confess to a feeling of mingled impatience and bitterness when I

hear the noble duties and requirements of a naval officer's career ig-

nored, and an attempt made to substitute for them the wholly different

aims and faculties of the servant of science. The comparatively small

scale on which those duties are now performed, the fancied impossibil-

ity of a great war, the pitiful condition of efficiency into which the

material of the navy has been allowed to Ml, have all helped to blind

our eyes to the magnificence of the war seaman's career. At the same
time science has been, and still is, achieving her magnificent couquests

;

and men, as always, in the presence of the achievements of the moment
forget the triumphs of the past. No wonder the line officers of the

navy are themselves carried away by an amazed humility which falsely

dwarfs their own profession. Yet history does not countenance the idea

that an untroubled assurance of peace is a guarantee that war will not

come ; in the little things of the naval profession of our day and coun-

try may be even now the preparation for events as great as those in

which a naval captain changed the career of Napoleon. Let us then,

in estimating the ideal for which we are to train the raw lad placed in

our hands, turn our eyes from the things we too often know to be, the

wretched character of most of our ships, the aversion to sea duty, the

amount of time passed slothfully in port. Let us forget for a moment
the mortification and lack of interest which follows from these, and

which are common to all military service in time of peace, and let us

look at those duties which are involved in keeping the sea in time of

war. For those duties our youth must be trained, and any study that

tends to unfit for them should be discontinued.

The officers who, whether in command or in subordinate military

position, are to handle and fight a modern ship of war, must have a

thorough acquaintance with the general construction of vessels, and

with the peculiarities, if there be any of the particular ship. Equally

they should all know how to handle familiarly the apparatus for con-

trolling and directing her movements, including in these both sails and

engines, the latter a point heretofore sadly neglected. It will be their

business to find out speedily how the ship will act under various cir-

cumstances of wind, weather, trim, speed, &c., so that they may be
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able to know what they can expect her to do in any case ; indeed it

would be well if that familiarity with her movements became so great

as to dispense ordinarily with conscious thought or calculation. A
similar close knowledge of the armament and all other equipments is

necessary.

For this portion of the requisite knowledge, how great an amount

of scientific power is required ? Naval construction is involved, naval

architecture scarcely at all. Some acquaintance with the mechanical

powers and the modes of their applications, but scarcely enough to dig-

nify by the name of science. That the knowledge sufficient to run

and care for marine steam engines can be acquired by men of very little

education is a matter of daily experience ; although the naval system

of our country has continued to surround a simple enough practical

matter, very different from the designing and building of machinery,

with a glamour of science and difficulty which does not exist. Some
knowledge of electricity will be needed, if the torpedo form a part of

the ship's offensive equipment. In all this my contention is not only

that science, beyond some simple elementary knowledge of principles

which can be applied practically with the resources of the ship, is un-

necessary, but also that the attempt to carry it farther involves the loss

of time that had better be applied to practical uses ; further that the

habit of the student in the laboratory, or over formulas, is as a rule an

injury to qualities and habits of mind more necessary to a seaman and

a military man.

There is, however, one branch of knowledge, intimately connected with

the duties of the sea officer, to which I hesitate to apply a limit of strict

necessity. I mean the subjects generally embraced by us under the

head of Navigation, with its handmaid Surveying. The importance to

an officer of familiarity with all the means by which a ship's position

may be determined, and course laid with accuracy, such knowledge as

in intricate navigation will insure the most perfect adjustment of care-

fulness and boldness, is apparent at a glance. The problems relating

to the deviations of the compass, especially if irou-clads and iron ships

are to continue in the navy, make it desirable that the various causes

which lead to or modify these errors should be thoroughly under-

stood in theory, and not merely by rule of thumb. The knowledge

should be such as to keep an officer wide awake to any chance of new
errors creeping in unawares. Again scientific surveying, it seems to

me, falls naturally into the province of the officer whose career is to be-

long primarily to the sea and to the ship, and not to those classes of spec-
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ialists with whom, as I shall afterwards indicate, the seafaring part of

the naval career is to be of secondary importance. If our Government

should ever determine, as it is to be hoped it will, to use its navy in

times of peace for the making much needed surveys in distant parts of

the world, it is evidently much to be desired that the officers who will

have to go in charge of the ships should be fully qualified to do all the

work of the survey proper. At this particular place I may say that so

much knowledge of botany, mineralogy and kindred topics as would

enable a reconnaissance of the natural capabilities of remote countries

to accompany the report of a survey, would increase the power of use-

fulness in a line officer. I do not advocate making them compulsory,

but would make provision for imparting, and offer inducements for

acquiring, such knowledge after graduation. This agrees fully with the

principle which I hope to show underlies my whole argument, viz

:

that in the corps of line officers, whose business is to handle, navigate,

discipline and fight the ships, should be found all the acquirements

necessary to discharge the other duties, save only the surgeon's ; or if the

statement in those terms seem objectionable, let us say that the other

corps should so far acquire the specialties of the line as to be able to

bear their share in performing the duties.

I have so far written, not thoroughly nor in detail, but in a general

manner and sufficiently for the purpose of such an essay as this, upon

the three great heads of Seamanship, Gunnery and Navigation under

which the qualifications of a naval officer fall : being careful to say

distinctly that under the first head I include such a practical knowl-

edge of the steam engine as will enable him to take charge of the en-

gines of the ship, and render unnecessary the maintenance of a special

corps of engineer officers for that exceedingly simple office. There is

worthier work for a suitable corps of naval engineers.

And having thus discussed them, I again turn and ask ; why this

mighty cry for science, in the modern limited sense of the term ;
lim-

ited yet further in our use to the mechanical and physical sciences, as

an indispensable part of the mental equipment of a war seaman?

Granted, as every one must grant, that such science has its necessary

place somewhere in naval administration, what is there in it that the

seaman cannot handle and fight his ship, I don't merely say without it,

but just as well without it as with it. Yet handling and fighting his

ship is his business; and if so, in his education no time should be given

to any pursuit which does not lead directly up to those two things, if

such pursuit be at the expense of occupations which do lead up to them.



852

Yet just this, under the delusive cry of science, we are more and more

doing.

There are yet three other heads under which the mental acquire-

ments of a naval officer fall : the English studies, Naval Tactics and

Foreign Languages. Although none of these are dignified by the

name of science, few will find fault with the extent to which they are

now carried at Annapolis. About Naval Tactics I shall here say noth-

ing. If I be asked, in my own words, how the English studies or the ac-

quirements of Foreign Languages help a man to handle and fight his

ship, I will reply that a taste for these two pursuits tends to give

breadth of thought and loftiness of spirit ; the English directly, the

Foreign Languages by opening their literature. The ennobling eflfect

of such pursuits upon the sentiment and intellect of the seaman helps,

I think, to develop a generous pride, a devotion to lofty ideals, which

cannot fail to have a beneficial effect upon a profession which possesses,

and in its past history has illustrated in a high degree, many of the

elements of heroism and grandeur. The necessarily materialistic char-

acter of mechanical science tends rather to narrowness and low ideals.

I here mention International and Prize Law as necessary to the

mental furniture of a line officer, but only lest I may be thought to

intentionally omit them. I do not care to urge their importance, as

none will be found to question it.

Do I then undervalue science? Do I ignore the great changes it

has made in the appliances and system of naval warfare, or deny the

necessity to the service of men thoroughly imbued with its spirit and

acquainted with its truths? Not at all, I simply say that while the

processes, by which the results of sientific research are obtained, are

laborious and difficult, the results themselves, for naval purposes, are

instruments easy of comprehension and intelligent use ; while the prac-

tical use of them, under the varied and often exciting conditions of sea

and battle service, calls for other and very diflereut qualities and ex-

perience than those of the student or the mechanic. Consequently de-

votion to science and the production of the instruments of warfare,

from the ship itself downwards, should be the portion of certain, rela-

tively small, classes of specialists.

Here I must revert again to my assei'tion of the pre-eminent impor-

tance to the sea officer of that which for want of a better word, 1 call

moral force. When his ship is equipped and his knowledge of her

powers complete, the most important part of the line officer's work is
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yet before hira. I might almost say all his real work is before him
;

that which has been done is only preparation.

The organizing and disciplining of the crew, the management under

all circumstances of the great machine which a ship is, call for a very

high order of character, whether natural or acquired ; capacity for

governing men, for dealing with conflicting tempers and interests jar-

ring in a most artificial mode of life; self possession and habit of com-

mand in danger, in sudden emergencies, in the tumult and probable

horrors of a modern naval action ; sound judgment which can take

risks calmly, yet risk no more than is absolutely necessary ; sagacity

to divine the probable movements of an enemy, to provide against

future wants, to avoid or compel action as may be wished ; moral cour-

age, to be shown in fearlessness of responsibility, in readiness to either

act or not act, regardless of censure whether from above or below;

quickness of eye and mind, the intuitive perception of danger or ad-

vantage, the ready instinct which seizes the proper means in either

case : all these are faculties not born in every man, not perfected in any

man save by the long training of habit—a fact to which the early his-

tory of all naval wars bears witness. Now this training can only be

acquired by an active pursuit of the profession, and not in the closet;

while on the other hand the achievements of the student and the man
of science cannot as a rule be wrought in the cabin of the seaman.

The studious and scientific intellect is not that which most readily

attaches itself to a naval life, or if forced into it attains eminence there-

in ; and the attempt to combine the two has upon the whole been a

failure, except where it has succeeded in reducing both to mediocrity in

the individual.

The record of the Naval Academy may be pretty confidently searched

to prove that distinguished academical standing conveys no necessary

promise of professional excellence ; while on the other hand very ad-

mirable naval aptitude is shown in many cases by men, intelligent in-

deed, but not students. The fact is obscured somewhat by the worth-

lessness, in a professional point of view, of the tail end of many classes
;

which however only proves the common experience that there are many

irremediable blockheads in the world, as well as many men who are fit

for no profession, utterly idle and good for nothing. On the other hand

a conscientious student and able man can attain respectability in almost

any line. I apprehend, however, that the memory of most who know

the service will supply enough instances in either direction to substan-

tiate the main statement; and the annals of the service at large bear
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the same record of men of patient research, scientific habit of mind

aud constant study, who have as such rendered invaluable benefit to

the navy, but who yet did not command its confidence as sea oflficers.

Moreover, when the care of instructors and the conscientious pains

of the student have turned out a man well equipped to begin a scientfic

career, with distinct reference to the navy, what use is made of him ?

After the maiden cruise, which, if not too long, would be a positive

benefit as a relaxation from study, and means of acquiring sympathy

with naval habits of thought, and knowledge of naval necessities, the

young man, presumed to have a turn for study and science, begins a

career of alternate sea service and shore duty which renders connected

application to any one pursuit impossible. Take, for instance, one who

would make ordnance and its kindred subjects a speciality. For three

years he may be in circumstances which enable him to see and learn,

and he advances rapidly ; then he is caught up and sent to sea, out of

the way of every thing. He has neither access to the periodical or

other literature which he cannot aflford for himself, nor opportunity to

see and keep up his acquaintance with the practical processes chronicled

by those periodicals. The atmosphere around him virtually precludes

study ; for while we may deny that it is impossible to study aboard

ship, on the general ground that where there's a will there's a way, it is

none the less true that few actively pursue s-tudy, as distinct from read-

ing, under the conditions of ship and mess life. The temptations to

pleasure, the novelty of many scenes, the constant distractions, the

close and heavy air of the sleeping apartments, all tend to compel men
to social out door life, and to deter from strong mental effort.

I have wished, so far, to make the point that not only does the habit

of life of the student unfit for the life of the deck, but also that the

life of the ship interferes vitally with the habits of the student. The

result is sometimes seen in the eagerness with which students escape,

or enter other branches of the profession, when they can. I would pro-

vide, at least partially, a place for such in the navy.

There is yet another reason which I think sti'engthens my argument

in favor of corps of specialists. There are physical causes which unfit

men for the active life of the sea officer, but which leave their minds as

clear as ever. Physical infirmities, the inroads of age, do undoubtedly

often impair the efficiency of the seamen, and of the nerve force, while

leaving the intellect untouched. This truth is recognized by the retiring

schemes of most great military services, which compel officers to leave

the active line of the profession at a fixed age—as well as for cause at
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any age. Recognize clearly, however, certain classes of men in the

service, whose particular capacity lies in brain work or aptitude for

the mechanical science, and those men will not need to be retired for

causes which do not affect their efficiency ; though they may that of

the seaman.

Assuming the principle of specialties is granted, I come next to

consider how many classes of such specialists I would have in the ser-

vice.

Premising that all graduates of the Academy should be line officers,

there would, under that general head, be three such specialties

:

Construction, Engineering, and Ordnance officers. I do not feel sure

but incline to believe that Construction and Engineering would ulti-

mately come under one head on the Navy Register ; the Senior officer

of the Corps knowing and using properly the particular capacities of

each officer. I shall hereafter in this paper consider the two classes as

one, under the name of Engineer officers.

In addition to the above there would be yet another class of officers,

requiring diffi^rent, but less highly intellectual qualities, who would

form the Pay Corps of the navy. It has never seemed to me reason-

able to assign line officers indiscriminately, and for a cruise only, to

duty as paymasters ; but on the other hand I have never seen any

reason to doubt that one man could perform the duties both of watch

officer and paymaster, particularly if spared divisional work. Hence

I would select from the graduates of each year such man or men to be

assigned to the pay corps as the wants of that body may demand ; he,

like the others, to retain his position and lineal rank as a line officer,

to do duty and have all the consideration and responsibility of a line

officer, while at the same time assuming charge of the pay department

in his particular ship.

The officers of the Engineer and Ordnance Corps would also retain

their position and rank as established by graduation; but it would be

understood that sea service was to be with them the exception and not

the rule, and that the main occupation of their life should be the

study, development, and oversight of the material of the service.

After the first cruise, a term of one year of sea service to every five of

shore duty would, in my judgment, be sufficient, up to the grade of

Lieut.-Commander, after which no rule need be laid down. The

amount of sea service indicated would tend to keep them from losing

sight of the practical exigencies of a ship, a fault which has often been

found with the present naval constructors. Whenever so ordered to
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sea they should take the rank and duties to which their lineal rank

assigns tliera, but sea service should cease when the grade of Com-

mander is reached.

The officers of the pay Corps, on the contrary, should go to sea ex-

actly as the line officers who belong to no special corps, up to the age

at which he would, by seniority, be executive officer of any ship to

which he would be ordered. The two duties of executive and pay-

master would be too onerous when joined ; so at this period of his ca-

reer I would give the pay officer the choice of remaining in the pay

corps with the advantage of less sea service, or of casting in his lot

with the sea corps, with the advantage of command. During the re-

mainder of this paper I shall speak of those now called line officers

and of the pay corps under the one title of the " Sea Corps."

In these details I will seem to depart from my subject; independ-

ently however, of the fact that the word education must not be too

closely restricted to direct teaching by others, but rather extended to

all influences by which the desired results or qualities are educed, I feel

myself under the necessity of defending the system I propose by point-

ing out briefly the ultimate results at which that system aim'^. As far

as I know there is a good deal of novelty in the general scheme, and

novelty's charms are, in naval eyes, doubtful.

My aim, then, is this : To recognize and provide for the existing and

perfecting of a small body of specialists, but at the same time to pro-

vide that every commissioned officer attached to a ship, save the sur-

geons, should be capable, some more, some less, but each capable of

every military and sea duty suitable to his lineal rank. That they should

all be charged with the execution of the same, and should all be in

one line of rank ; the distinction of corps being internal to that line.

Promotion would go on in that line and not by corps.

Having thus developed my aim and the reasonings which have led

me to it, I now proceed to consider the course through which I would

carry the successful candidate for admission to a naval career ; I may
as well say the candidate for admission to the Naval Academy, as I

base the training I advocate upon that pursued there.

Tlie number of cadet midshipmen now allowed in the service is de-

termined by the number of Congressional districts ; one being allowed

to each district, and the appointment vesting in its Representative. I

have no change to advocate here. The majority will probably owe

their appointment to political or personal interest ; but however ob-

jectionable this motive, we are not likely to find many members of Con-
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gress with the inclination or time to determine the Appointment by

other reasons than favor. As there have been some, however, who have

shown a desire to select the most worthy applicant, I should like to see

the navy department, when notifying a representative that a vacancy

exists in his district, add some advice to this general effect: That in

the opinion of the Navy Department a simple educational test was of no

great value in discriminating between applicants; and that good health,

wholeness and vigor of body, and, where they could be ascertained, in

dications of pluck, perseverance, taking the lead in a manly, not a

vicious way, among equals in age, were of more worth than intellectual

forwardness, as showing the stuff of which a good officer could be made.

Probably the most rigorous sifting by the course I shall propose

would yet graduate fully as many as would be needed to fill the yearly

vacancies in all the different corps; and it must not be forgotten that a

certain number of appointments, technically styled "at large" are

allowed to the President. As the system I propose will only permit a

limited number to be graduated, it might be just, or at least kind, to

faithful officers of the government to increase the number of the Pres-

idential appointees, so as to allow the sons of such officers to compete

for the prize of graduation and a commission. Opposed as I am to a

high standard of admission, and proposing, as I have above, that every

graduate shall possess adequate knowledge to superintend the running,

care, and all ordinary repairs of a steam engine, I would of course do

away with the cadet engineers of the present system, who are appointed

by a competitive examination before the Academic Board. The corps

of Engineer Officers which I propose would necessarily possess the

power of running an engine, but their proper duties would be of the

far higher order which embraces the designing and construction of ships

and engines. The Navy needs a first rate, but comparatively very

small, body of such men.

The appointees from the districts, who shall pass the required physi-

cal and educational tests, would all form one body under the title of

" cadets," " naval cadets," or " midshipmen," whichever maybe pre-

ferred, I shall throughout speak of them as midshipmen. The exist-

ing course, being based upon the plan of having cadet midshipmen

and cadet engineers from the start, will need considerable morlifi-

cation.

At first the officers and professors will be wholly ignorant of the

capacities of the youths. The first years' course therefore must be the

same for all, and yet so designed as to oppose no hindrance to following
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up immediately either course, as soou as the specialties have been de-

termined.

For the first year, then, I propose the following studies :

1 Mathematics,

2 English,

3 Mechanical Drawing.

This omits the Modern Languages from the present first year's course.

I think I shall have the support of the instructors in French in depre-

cating, as waste of time, teaching that language before the mixed mul-

titude that forms an ordinary fourth class has been sifted. The time

gained from the languages should be devoted to Mathematics and Eng-

lish, more particularly to the formar, with a view to completing the

course earlier in the second, (or third class,*) year than is now the

case.

By the middle of the first year it will be clearly seen in most cases

how men will stand. The class should then be divided into two sections,

and the higher section should not be kept back by the less able men,

many of whom, under this system, will not enter the service at all.

The duties of the ofiicers charged with the drills and discipline will,

as it does now, lead them to note the bearing and capacities of each

man. I would not have these taken into account in the first year, but

in the second I shall most distinctly advocate this, as yet unknown,

feature in the tests.

Mechanical is preferred to free hand drawing, as the knowledge of it

will be essential to those selected for the Engineer and Ordnance corps.

At the end of the year midshipmen who fail to attain a certain stand-

ard of merit will be dropped from the Academy, or else turned back

into the succeeding class, according to the decision of the Academic

Board in the special case.

For the second year the course would embrace the following branch-

es, for all midshipmen.
Mathematics,

English,

Modern Languages,

Drawing,

Steam,

Mechanics.
* It may be well liere to explain the peculiar and rather awkward S5'stem

of naming the classes which obtains at Annapolis. The students in the first

year of their course belong to the fourth class, in the final year to the first

class.
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This omits from the present course Physics and Chemistry as taught

in that year. The time thereby gained I would allot first to Drawing,

second to Modern Languages, third to Steatn.

It is my hope and belief that, without materially diminishing the

present Mathematical course, the time gained in the first (fourth class)

year, and the su})erior ability of the upper sections, would permit of

finishing the course in time to take up= and complete a very simple

course of Mechanics. This last should not extend beyond that neces-

sary for an intelligent charge of a sea officer's duty, and will not neces-

sitate a knowledge of mathematics beyond algebra, geometry and trig-

onometry. If, however, this cannot be doue, then Steam must yield to

Mechanics and wait for the third year.

Additional time is here allotted to Modern Languages beyond that

now given ; this will partially compensate the loss in the first year, and

being devoted to the better part of the now reduced class, will perhaps

in the end go as far as that at present assigned. The same remark ap-

plies to drawing, which gains considerably ; being carried through the

second half of the year.

In this year the drill and executive officers should note and mark

the midshipmen, as to bearing and attention to duty. The effect on

class standing should as yet be small, for it will not be possible to give

to the third class the same scrutiny of individuals as to the upper class-

es. Marked excellency or defect can however be noted ; and a concur-

rent unfavorable opinion on the part of the drill officers should ensure

failure to pass on to the higher classes. Let us not forget that the aim

is to make officers, and let us no more see the practical absurdity of a

worthless man's passing into the service, merely because he can stand an

examination in books. No observer of the Academy is unaware that

men of high class standing are too frequently indifferent to their con-

duct as officers.

At the end of the two years I would put into operation a plan sug-

gested by a distinguished Superintendent of the Academy, which is as

follows. The probable number of annual vacancies in the grade of

Ensign, for all Corps, due to deaths, retirements, or other causes, should

be estimated by some expert in such calculations, and only that num-

ber should be allowed to continue the course with a view to entering

the navy. Such number would as a rule be the head men of the class,

and that class standing would be determined almost entirely by mental

proficiency. I would put upon it a check to which I have alluded

above, namely, that if the preponderating opinion of the whole boay of
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executive and drill officers should be adverse to any man's fitness for

the service, that opinion should exclude him, and the next man in class

staudin<r should have the vacancy. It will be observed that this check is

very different from a poAver given to the executive officers to choose out

men, who fail to attain adequate class standing, to take the place of

such as have that standing but who, in the opinion of the officers, have

less aptitude for the service. I do not think, that in the first two years

and among the large number of midshipmen in the lower classes, officers

can distinguish with nice precision relative aptitude; the time given to

drills and other duties is very small compared to that given to studies,

and the check I advocate would be rarely exercised and then in pro-

nounced instances. It would deal also mainly with those cases of

general inaptitude, so easy to recognize, so hard to define, and not with

special offences, which are sufficiently provided for by the general dis-

cipline of the school supervised by the Navy Department.

The word " sad" is scarcely too strong when applied to the sight of

the number of youths yearly turned into the service from the Naval

Academy so greatly in excess of the demand. Granting, (which cannot

be granted), that no larsre portion of them are undesirable additions to

the Navy, it is sad to think of the hopeless future before them ; sad to

think of merit weighed down by a mass of demerit above; sad to

think of the country depending upon a profession which demands above

all buoyant energy and hope, but whose prizes under the present sys-

tem cannot be reached, till all the buoyancy, energy and hope have

been sickened out by weary waiting. Some relation between demand
and supply would be established by the system advocated; and the

country, whose interest in the Navy is commensurate with its interest

in the capacity of its officers, should see such a relation fixed.

With tlie entrance of this chosen body of midshipmen upon their third

year the separation between the sea and the other Corps must be made,

and the difficulty of determining the course of instruction is greatly in-

creased. The separate courses now laid down for cadet midshipmen

and cadet engineers must be combined, and as I do not propose to

lengthen the Academic term of four years, the difficulty of this com-

bination is apparent. There are. however, certain considerations which

tend to diminish this trouble. The mass of the class, intended for sea

service principally, will not need Calculus, nor Mechanics beyonil the

elementary course of the first two years. The time thus gained, which

will be seen by a reference to the present course to be considerable,

(10 hours a week) cau be given to steam, English and Modern Lan-
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p;uages. I speak of these in their order of importance from my point

of view. The greater portion, say six hours, should be given to steam,

of which the sea officer is to have a thorough practical knowledge.

Two hours additional to the present allowance, will be given to both

English and Modern Languages; with the proviso that if further in-

struction is considered necessary in drawing, and I think it likelv,then

Modern languages must give up this additional period to Drawing for

one or both terms of the year.

So much for the Sea Corps. For the midshipmen intended for the

Corps of Engineering and Ordnance the difficulty is greater, but I

think not insuperable. Mechanics for them cannot be disregarded ; but

it is to be remembered that while they are to have such a knowledge

of seamanship as to be safe deck officers, yet the sea is not to be their

chief aim, nor will they command at sea. Time therefore can be

gained from book seamanship, both in this year and the next. The
same remark, I think, applies to Astronomy, a subject which will have

little place in their future pursuits. The sea officer, who is to be navi-

gator and surveyor, needs, as a good foundation, knowledge of the mo-

tions of the heavenly bodies ; not so one whose life is to be mainly

spent on shore in pursuit of science of a different kind. From Astron-

omy and Seamanship, then, I think to gain the time for Steam which

the Sea Corps gains from Mechanics.

Additional time for English and for Modern Languages, gained by

the Sea Corps, would not be so much needed by the Engineer and Ord-

nance Corps, for two reasons : First, the time for English is assigned to

make up for that which I have to take from the first class course of the

Sea Corps, but do not propose to take from the other corps in that year.

Second, it is to be remembered that the most intellectual men of the

class will have been chosen for these corps; and it is probable that in

the knowledge of French, save accent, they will be well abreast the

rest of their class, under an arrangement of sections according to pro-

ficiency.

This same greater capacity leads me to think that the loss of Physics

and Chemistry, dropped from the third class year, can be very largely

made up to the midshipmen chosen for the Engineer and Ordnance

Corps. It must be remembered that you have, in place of a large class

of unequal capacity, a very few picked men, probably not over four

or five, not tied down to a low average rate of advance, and to whom
the teacher can give a degree of personal attention now unattainable-

For the Sea Corps I would make no attempt to take up Physics and
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Chemistry, but would leave the subjects to be pursued in connection

with a post-graduate course, after the first cruise, in the manufacture

and handling of torpedoes.

Before tabulating the course for the second class year, it is desirable

to say a word upon the study of Modern Languages, which ends with

this year. The French language is of importance not only coHoqui-

ally, but also as giving the key to a large scientific literature. As such

it is useful to both the sea and the more scientific Corps. With Spanish

the case is diifereut. A knowledge of it is useful, because it is the

language of many maritime countries, and particularly of several re-

publics, laige and small, in whose welfare it is the policy of our gov-

ernment to manifest a friendly interest; but scientifically it is of small

value. I have therefore dropped Modern Languages from the second

term of this year for the Scientific Corps, retaining it for the Sea Corps.

I do not however specify which language is to be pursued. It is well

known that many youths do not now attain a good knowledge of

French ; such should continue French, and only those sufficiently

advanced should take up Spanish at all. Of course they would be al-

lowed extra credit for the course.

For the third (or second class) year then the course proposed would

be as follows :

FIRST TERM.
Engineer and Ordnance Corps. Sea Corps.

Seamanship 1 period"^ Seamanship 2 periods

Orduanco & Gunnery 1 " Ordnance & Gunnery 1 "

Astronomy 1 " Astronomy 3 "

Mechanics (Calculus) 5 " Steam 3 "

Steam 3 " English Studies 1 <i- 1 period

per, month.

English Studies 1 "^er??io.Modern Languages 4 periods.

Modern Languages 4 " leaving 1 period

to be given to Mod. Languages

or Drawing as may seem best.

SECOND TERM.

Seamanship 1 period Seamanship 3 periods

Naval Tactics 1 " Naval Tactics 1 "

Ordnance 1 " Ordnance, &c., 1 "

• The period is two hours ; there ai'e fifteen periods in one week ; three

in one day.
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Steam
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1 drills a comi^any of infantry.

2 " batteries of liglit artillery.

1 " a squadron of boats.

10 go to steamer to run engines.

4 " " to be manoeuvred under steam and sail, to take deck

and forecastle alternately.

6 to go to sailing sloop where they will take deck or forecastle.

It is not necessary to elaborate, though one is tempted to do so ; the

combinations of drills that can be made will be innumerable. Those

that are to take charge of the three drills first named, in which mid-

shipmen of the lower classes are to be engaged after 4 P. M., need not

lose the previous time. They can join any of the latter three exercises

and be sent ashore by one of the Academy steam launches, after taking

their share, in time for the ordinary drills. Nor is a young mind dis-

tressed by thus going from one occupation to another, as older ones

sometimes are.

Two things are evident

:

1st. Every first classman will thus have abundant opportunity of

bearing a principal part many times in every kind of drill and practi-

cal exercise.

2nd. The duties of subordinate officers, lieutenants of companies, in

charge of single boats, &c., will be devolved on second classmen, who
now rai'cly fill any more important function than high private.

The practical exercises of Saturday will remain for the advantage of

the Engineer and Ordnance Midshipmen ; it will be remembered that

the special practical work of these, viz., the designing, construction

and care of material, must come after graduation.

To gain the required time for exercises in the second term, I would

omit English studies (Public Law) from the present programme hav-

ing already provided for it in the second class course.

For the Engineer and Ordnance Corps I would leave the course very

nearly as it now stands in the Academy programme. Spanish, for rea-

sons already given, would disappear, and the time be assigned to Gun-

nery and Ordnance.

The very great amount of time now given to steam should be dis-

tributed, according to the Corps to which the midshipman is destined,

to Naval Architecture, designing and construction of machinery, or the

more advanced study of ordnance problems. For, as these two classes

of midshipmen have been before together sep^irated from the mass of
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the students, the time has come with the closing year to divide them
one from the other.

The tabulated result would be the following weekly programme of

studies for the First Class of Midshipmen.
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details. I therefore here leave the Academic course with the following

re-^ume of my general plan.

1. A low standard of acquirement for admission.

2. All admitted to form one Corps of Midshipmen.

3. The course for the first two years to be as far as possible simpli-

fied and to be common to all.

5. At the end of two years, retention only of so many as are yearly

required to fill vacancies in the grade of Ensign, and the separation of

those who remain into three Corps ; Engineers, Ordnance and Sea

Corps. The education of each corps to be as thorough as possible in

its own specialties ; Seamanship, Practical Gunnery, Navigation, Astron-

omy and Surveying being the specialties of the Sea Corps ; Ordnance

in all its branches of the Ordnance; Naval Architecture and Marine

Steam Engine building of the Engineer Corps. At the same time each

corps is to receive such instruction in the specialties of the others as

may be necessary and possible.

5. The last year of the Sea Corps to be wholly given to professional^

and largely to practical work.

6. Aptitude for service and officerlike bearing to have an effect

upon class standing, i. e., upon future rank.

7. The pay Corps to come from the Sea Corps.

After graduation the midshipmen should have the usual leave, and

then be ordered to sea-going ships for one or two years' sea service
;

during this period to be called midshipmen. I would have the Navy
Department direct that during this first cruise, the commanding officer

should assign each to duty as watch, navigation and engineer officers in

turn, and for such periods as may be deemed best ; and on leaving the

ship should, in the usual letter, state what opportunities have thus been

given him to continue the education begun at the school.

At the expiration of the cruise, the examination now customary to

be held before a mixed board, taken from the Service at large and the

Board of the Academy. I do not approve of the present system, by

which these examinations are held by the Academic Board alone. The

result of this examination, combined with the class standing at gradua-

tion, should finally determine lineal rank ; unless in one contingency

yet to be mentioned. A failure to pass should, as now, cause the mid-

shipman to be dropped to the following class.

A serious difficulty will before this be seen by the reader of this

paper. How is class standing in one class to be determined among

men whose studies are different ?
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There is but one answer. When the studies are common to each,

though pursued in different degrees, as Seamanship and Steam, the

common value will obtain in each case. When the studies are peculiar

to one Corps, give them value as an elective course, or perhaps more

justly let them serve only to determine standing between men of the

same corps.

After the final examination the officers of the Engineer and Ord-

nance Corps would not be expected to go to sea for some years. I

would have them here take a post-graduate course of eight or nine

months, wholly devoted to the mechanical and physical sciences as bear-

ing upon their life work. In this they would of course be required to

attend instruction, but not to recite. An examination would be held at

the end of the course, which, if satisfactory, would involve no change of

rank ; but failure should be followed by dropping to the following class.

The Sea Corps should similarly have a post-graduate course in the

manufacture and handling of torpedoes, with such preliminary instruc-

tion in Chemistry and Electricity as may be necessary.

Having successfully passed these last named examinations the edu-

cation, as far as it depends upon direct external pressure, will be

finished ; the rest remains with the man himself.

Their commissions as Ensigns would now be issued, and dated back

to the time of the vacancies filled
;
provided such date should not be

earlier than two years after date of graduation.

It may perhaps be not out of place to mention two advantages, not

directly educational, which I hope for from this scheme.

I. Economy to the Government.

1. The total number of Midshipmen is reduced from that now ex-

isting by the number of Cadet Engineers i. e. nearly one hundred,

2. The number of officers on board ship will be diminished through

all being eligible for military service. Take for example the number

of officers other than surgeons, above the grade of Ensign, necessary

for a ship having two divisions of guns.

PRESENT SYSTEM. PROPOSED SYSTEM.

1 Captain, 1 Captain (Sea Corps)

1 Executive, 1 Executive (Sea, Eng. or Ord.)

1 Navigator, 1 Navigator (Sea Corps).

4 AVatch (and Division) officers, 2 Watch & Div. (Sea, Eng. or Ord.)

1 Paymaster, 1 Watch and Paymaster(Sea Corps)

1 Engineer, 1 Watch & Eng. (Sea, Eng. or Ord.)

9 7
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In addition to which it will be remembered that in case of accident

to the Engineer, who by the proposed system is an officer of the Sea

Corpd, his place can be filled by any one of the others. Under the

existing system, the line officers not being considered capable of as-

suming charge of the engines, two engineers, at least, would probably

be found on board a vessel of this class.

II. There would, among the officers graduated, be but one line of

rank, in which each man's place would be indisputable. From what-

ever Corps they came they would, in joining the ship, take the quar-

ters, duties and privileges to which their lineal rank entitled them.

All would be seamen and all military men in the strict sense of the

word, capable of training and commaudiug armed men. All would

be likewise capable of assuming charge o± an engine. Under these

circumstances there would be good reason to hope that disputes about

the right to give, or the obligation to take, orders, would largely disap-

pear ; and corps jealousies, if they still existed, would assume a form

less injurious to discipline.

In conclusion of this part of my subject : It is now over a quarter

of a century since the United States JSaval School was founded, with

a view of providing officers with better instruction than the circum-

stances of a ship atford; but still always with the object of making

them simply better officers. Instruction, naturally and properly, has

fallen into the hands of men who devote to it their whole time ; or at

least so large a portion of their time as to become identified with the

school. This is right and necessary, for instruction is best imparted

by men who thus give themselves to the business. Nevertheless, the

instructor, like other men, tends to magnify his office and to mistake

mental acquirements, which are simply a means, for an end. This

may be bad anywhere, but, from my point of view, it is certainly and

specially bad in training for a profession like the Navy, in which mere

knowledge is the least of an officer's needs. Such a mistake has been

gradually growing in our Naval school, and many of the younger of*

ticers of the service, under the name of science, are maintaining the

idea that an extensive knowledge of mechanical processes, and an ac-

quaintance with the elaborate mathematical reasonings involved iu the

investigation of problems connected with the materials placed in our

hands, notably ships and ordnance, are essenticil to every future naval

seaman. This is as unreasonable as the objections of older officers to

any systematic instruction on shore. It is even worse, for it tends to

substitute for a seaman's training a habit of mind and life entirely
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alien to it, and probably in most cases destructive of it. It is time for

a reconsideration of tlie whole matter, and I believe that the solution

is to be found in a cordial recognition of special corps, all in the line

of the service, complementary of each other and not, as now, tending

to mutual destruction.

II. Men.

The education of seamen must be governed by the same ultimate

considerations as that of officers, viz.: What do you want to make out

of the material placed in your hands?

There are two principal qualifications which are desired in every

naval seaman : That he should be a seaman, and that he should be, to

some degree, a gunner. In addition to these are those habits of neat-

ness, regularity, discipline and respect for law, which we look for, but

do not always find, in a man-o'-war's man.

If we are to undertake a regular system of training or education,

and depend upon that for the whole, or for a chosen part, of the crews

of our naval vessels, some degree of mental cultivation is necessary.

It is easy, however, to exaggerate the amount desirable.

It seems evident, on the one hand, that the long periods of compara-

tive idleness in port or even at sea, which are now too often the parents

of discontent; which lead to desertion, gambling, quarrelling, rum

drinking, might be made less tedious if the seaman had acquired a

taste for reading books connected with his profession, with the coun-

tries he visits, or any other healthful and interesting subjects.

On the other hand it seems plain that if the Government devotes the

time of the naval apprentice to acquiring knowledge above the posi-

tion he is to occupy, more particularly should so use that time as to

tit him for the position of an officer of a merchant vessel, it is assuring

itself the disappointment of seeing its trained men leave its service for

other occupations.

It is, however, neither as seamen nor as artillerists that we princi-

pally see the need of training for naval seamen. It is their moral tone

that most specially calls for education and elevation.

This failure of moral tone is seen most markedly in two things. As

a rule they attach no idea of moral wrong to the violation of a con-

tract, hence desertion. Equally they have no sense of their simple

dignity as men, nor of the beauty of self control, hence drunkeness un-

accompanied by any sense of shame. In these two cardinal points,
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the two greatest evils of the Navy, they acknowledge no duty; to

themselves iu the last case, to others in the first.

Now I do not hope for a sudden change of sentiment and morale in

a large class of men. Doubtless we must wait here for time to do its

work in raising the tone of this community as it has that of others
;

but still the work may be hastened by persistent judicious effort to

instil a sense of right and of self respect, especially if we begin with

boys. The experience of more than a century has pretty well settled

that severity and punishment will not stop desertion nor drunkeness.

There are some who seem to think that petting will do it, while others

have faith in preaching ; but naval officers know pretty well that it is

not necessarily the severe man who fails to gain the confidence and

willing obedience of seamen, nor the indulgent coaxer that necessarily

wins their good will and respect. The cause of the cheerful obedience,

which one receives and another never elicits, is doubtless in that secret

sympathy which the heart is quick to recognize, and which can nei-

ther be counterfeited by fair, nor concealed by harsh words. If we

are to have a system of training for naval seamen, no officer should be

entrusted with a share of it who is known to be one of those who " can't

get work out of men," how^ever indulgent or kind tempered he may be.

The calling and duties of a seaman are essentially of the nature of

a handicraft. Quickness of eye and manual dexterity, seconded by

activity and strength of the whole body, are involved in everything

that he does ; and very little else except native intelligence is required

for making an excellent sailor. This is sufficiently shown by the ad-

mirable class of seamen of the old school, than whom no more efficient

men could be found. They were intelligent doubtless—a fool will never

make a sailor; but their great skill was acquired simply by practice

without any pretence at education
;
picked up as we say. Now there

can be no doubt that systematic training will produce a given result

more quickly and in a greater proportionate number of instances ; I

am, therefore, strongly in favor of it as a means, the more so as along

with the seaman's skill can be conveyed that of the artillerist, in which

the men-of war's men were inferior, as well as the development of the

moral and intellectual powers which will tend to make the man more

'trustworthy, and more capable of rational happiness, than the typical

seaman of old. Still we must, as with the officer so with the man,

steer clear of the mistake that each accumulation of knowledge will

give the Government a better servant; which is our true end.

From what I have said, the general course I would follow can, I
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hope, be inferred. An apprentice system is desirable, because the lads

can be more readily moulded, can more readily be attached to the

service at an early age. It is not to be hoped that they can become
better seamen than those of former days, but the requisite knowledge

can be more quickly acquired. Ordnance is a much more complicated

subject than it was ; with the peculiarities and liabilities to derange-

ment of the weapons they will have to use they should be thoroughly

acquainted. As marksmen they should be as excellent as possible,

though it is obvious that a man otherwise good should not be rejected

for a defect here. Habits of personal cleanliness, haudiness in making

and caring for their own clothes, a knowledge of cooking such as will

ensure both good quality and all practicable variety in the food, danc-

ing, music, a knowledge of games, and, if there is any other thing

which will tend to make ship life more enjoyable, all these should form

part of their education. The radical difficulty with seamen, and above

all with naval seamen, is that the life is unnatural ; this must never be

forgotten in considering this question of education. The difficulty is a

moral one. The seamau lives without the constant solace and restraint

of family life. This want, perhaps, can never be wholly supplied, but

everything that tends to make up for it is a means of education to the

individual and to the entire class. Combined with such provisions as

the above for bodily and social enjoyment, I would provide means for

healthfully occupying the mind. As all who pass through any system

of ai)i)renticeship will be taught to read. I would direct their reading

as f;ir as possible, so as to form a taste that should be not only healthy,

but should coincide with the circumstances of their calling. As they

will be much in foreign lands, lead them to such knowledge that they

will no longer find the grog shop and the low dance house the most

interesting features in a great city. Arithn)etic enough to keep their

accounts is good ; but beyond that, time were better spent in learn-

ing languages, reading books of travel, of natural history, in short,

acquiring knowledge that will enable them to enter naturally, intelli-

gently and with interest into the life they may find around them.

Devoted to a noble profession, they may find not only interest but a

source of high aims and enthusiasm in naval biography and history.

Novels they will read of course; but may it not be possible, in part,

at least, to save their taste from falling into the yellow covered pit

they now affect. In sketching this outline I don't undertake to say

that all this can be done; I only claim that in the way of intellectual

culture it is preferable to much that may at first glance seem more
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akin to our aims, as for example navigation ; and I also claim that it

will all tend to increase that reliability and sense of responsibility, to

nourish which is, far beyond professional dexterity, the difficulty of

the naval trainer. It will do this by raising the man's standard of

right, and by helping to fill the void which, we must confess, a man's

heart and brain do now find in the daily life of a common seaman.

Hence, to educate a body of seamen, who should form the nucleus

around which our naval organization should gather, I would receive

into the service a number of boys from fourteen to sixteen years of

age. I do not myself attach importance to the nationality of the lad,

excepting in so far as the national temperament is or is not adapted to

a naval life. Other things being equal, I would reject an Irish or

French lad in favor of an English, or one of the Scandinavian race;

but an objection to a foreigner as such seems to me misplaced in a

country so many of whose citizens are foreigners; the more so as a

seaman will commonly lose sight of home ties and attach himself to

the flag under which he sails. The lads thus received should be dis-

tributed in training ships, whose officers should be chosen by that

practical test of being those " for whom men will work." Yet more

important, if possible, than the officers, are the seamen who will be

stationed on board these ships ; the leaven for the lump. To my mind
it would be, as a rule, a mistake to choose these from elderly seamen,

however admirable their general character. Probably there is no

more outrageous conservative than the ordinary old seaman ; to allow

such to steep a rising generation in their prejudices is simply to start

that generation some twenty years behind the point at which they

should begin their race. Although the character of senmen generally

has advanced slowly, as compared with the progress of the world at

large, still it has advanced; and the change in the main has been for

the better. Let the lads then be surrounded by the best you can get,

but by young men, from whom they will imbibe the best of the spirit

of the age immediately preceding their own. Above all, don't make
these ships the refuge of old age, however worthy.

The regulations of the department should provide against boys of vi-

cious character being retained, as they already do against physical disa-

bility. The life should be that of a model ship of war, yet so contrived

as to work in continually the systematic training by which the neces-

sary knowledge will be steadily imparted. I mean by this that mere

training is defective, unless accompanied by the daily habit of life of

a real ship of war; that a special habit of life in training, differing
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materially from that to be pursued afterwards, is to be deprecated,

unless necessary ; and the necessity here seems to me to point t'te other

way. A relatively large portion of time must, it i-! true, be passed in

port, as the exigenci"S of the sea inter 'ere too much with regularity
;

but I vvould pursue the ord'narv ro^it'ne of a ship of war, which af-

fords sufficient time for the exercises of sails and gJins, nnd inst'uction

about them in their various details. The other portions of the day

would be devoted to other instruction: marlinspike seamanship,

cutting and making up chirhps, ci'okincr, carpentering, sail making, &c.

Long before the period of apprenticeship has parsed, special aptitudes,

when existing, will have b"en recosfnized by the officers, and it will be

wise to make use of such natural bent. I do not myself see why the

Entrine room force should nof be parti-illy recruited in this verv way

as well as by direct enlistment for the purpose ; and it may well be

that some instruction in the engin^^ and fire room would be of advan-

tage to those intended mainly for the di'ck. My principle for officers

is general instruction in all branches, special knowledge of one and I

would apply the same in the end to the crew ; thouirh I am not as

sure with them as with officers, that the time for so doing has fully

come.

As regards the cultivation of the mind, I must adhere to my first

position that the seaman is above all a handicraftsman ; and that such

culture as may be imparted should have for its chief object the de-

velopment of manly self respect, true professional pride, and a high

sense of duty ; after which, and barely secondary to it, is healthful

occupation for the mind, and capacity for enjoying much to which, as

yet, the seaman's eye is blind. Thus surely the tone of the man will

be raised, and he will be more reliable than now. In giving the vari-

ous kinds of instruction alluded to, an officer, whose heart is in his

work, will be careful to see that the reasons for this and that are ex-

plained. Thus, the efl'ect of cleanliness of the person and of the ship

upon healih, will be pointed out as each is insisted upon ;
so in the

carpenter's gang why one kind of lumber is good for one purpose,

another for another, why one method of working up is more advanta-

geous than another, I do not propose to lay out a programme or

routine in this paper; the general subjects of which I have spoken

can, I feel sure, be worked in by a man of fiiir executive ability during

the time the ajiprentices are with him.

The question of sending the youths out into the general service be-

fore tlieir time is out is a difficult one. I incline to think it best not to
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do so at any rate before nineteen ; that is. two years before the expira-

tion of their time. Even that is over young, until the tone of the

seamen in general service shall stand higher than it does now. Scru-

ples about desertion, drunkeness, and cleanliness, beyond a certain

point, would meet with too scant sympathy as yet; and I doubt

whether the majority of the lads could stand against the force of the

popular estimate at an early age. On the other hand, it may be urged

that it is most necessary that they should have some general service,

and not remain too long in leading strings. My own recommendation

is to put it off as long as possible, and then try to choose your officers

and crew. The entrance upon life is everywhere a critical time; how

much more here, where home ties can scarcely bear, where temptation

is strong, and the standard of equals generally too low.

When embarked in the service but still regarded as apprentices,

care should be taken to stimulate their interest in the scenes amid

which they pass, and to free their life as much as may be from the

listless aimlessness in which too many seamen pass their days. Bat

when the training ship is left, the power of choosing officers is greatly

diminished ; and the increase of privileges for men, such as more con-

stant access to shore, greater command of money, and such like, must

be a matter of gradual growth. However greatly we desire to see

such indulgences multiplied, and however superior the ideal state for

which we look, we cannot shut our eyes to the fact that progress here,

as well as in other things, to be healthy must be gradual; tiiat some

officers though admirable generally, have not the knack of combining

indulgence with strictness ; and so, while something may be done by

system and regulation, much must be left to the tact of the Command-

er. An impatient tendency is sometimes seen to reach desired ends by

hard and fast rules, by general regulations, which cramp unduly that

free action of the commanding officer upon which the efficiency of a

ship must ultimately depend. It is wiser, here and everywhere, to

wait for the gradual change of opinion in officers, and rise in the char-

acter of seamen, which a patient eye can surely detect now, and which

will in good time bring about all that is really desirable. In any

event, whatever the rule of the ship, let that, neither more nor less, be

the rule for the apprentices on board her. No indulgences because

they are apprentices, no keeping them as children under special evi-

dent care. Whatever their superiors may do, let it be by quiet watch-

fulness, by individual caution or encouragement, just such as they

would extend to an older man. In a word, if being the commander or
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first lieutenant you wish to look out for them, don't let it be by mak-
ing a special class of them, whether for care or indulgence. To do so

will not only create pi-ejudice against them among the rest of the crew,

but will probably act harmfully upon themselves. The only distinc-

tion I would make would be that, being intended for seamen, they

should do only seamen's duty ; not messenger boy's nor berth deck

cooks'.

In conclusion : It has been often said that the English speaking

races find their strongest motive in the sense of duty. If it be really

so, it is a high privilege which those races enjoy that they respond in-

stindively to the noblest apped that can be made to man ; anl fir both

officers and men it will be the task of the teacher to cherish and de-

velop that instinct, bringing it to play not only in times of danger or

hardship, to dare and to bear, but also in daily life, in little tilings. So

men shall recognize duty not only where she calls aloud, demanding

life or happiness, and all hear her; but as well in those qinet daily

rounds, when her voice is so low and so Tnonotonous that men scarcely

think that duty is there at all. The man who walks daily witli her

and obeys her voice must be the most sure not to fail when she asks

for more. Yet even to the most steadfast this path of duty is often

very hard, and in it they find little sympathy ; men do not recognize

the difficulty, which sometimes exists maiidy in the man's own nature;

they know so little they can make no allowance for failures, nor ap-

preciate the actual amount of work done Here it is hard for man to

stand alone, and yet he too often finds none to stand by him. So I

think any scheme of education is defective that makes no efibrt to

teach the learner to believe in and to depend upon God ; to bear con-

stantly about him the consciousness of one perfect friend who knows

just how painful it often is to Am, just how faithfully he had worked

when to men he had seemed to fail ; and who, however men may judge,

gives credit for all and will not let seeming failure be failure in the

end. The power of such a conviction is matter of history, nor, what-

ever may be claimed in special cases, nor, however we may be deceived

by the results of natural energy and ability, do I believe an ordinary

man is at his best without it. Unfortunately too many who seek to

implant this reliance cannot avoid cant, the endeavor to make up

for their own lack of conviction and feeling by strained words, which

themselves betray their unreality; and the result is the very general

discredit of an actual power. At the end of my ' Essay" upon the ed-

cation of these youths I urge the necessity, even as a matter of policy,
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of placing among them a chosen man or men who can instil into them
that faith which will give completeness to their training. This, when
in perfection, ensures that all the other education, all the courage, all

the faculties of the man will be brought to bear on every duty placed

before him; alike when unseen as when seen by men; alike in the

steady, weary drag as under the stimulant of high action and danger.
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The Chairman. The meeting this evening has been called for the ad-
journed discussion upon the Prize Essay on Naval Education, by Lieut.
Commander Bkown. It may be well, therefore, to give a brief summary
of the points presented by the essay.
The essay begins with the assumption that the education of a naval offi-

cer should begin at a school, and not as was formerly the case, on board
cruising ships. This theory is now universally applied as far as I know, in

the navies of the world. The German and Danish navies are only partial

exceptions, in both of which a cadet begins his career by a short practice-

cruise in a training ship,—a very different matter from performing regu-
lar duties, at the outset, in the ships of the fleet.

For the Academy itself an alteration in the method of appointing cadets
is proposed, involving a general application of the system of preliminary
competition. Lt.-Commander Bk'OWN renews the admirable recommenda-
tion of Admiral Rodgeks, to obviate the difficulties of the Academy (-onse-

queut upon a large number of deficiencies, that a partial graduation should
take place at the end of two years, after which only the best men should be
retained for further instruction,—a plan that would secure only the best

men for the service.
The subject of naval education is closely connected ^yith that of OTgan-

ization; and accordingly the essay proposes some radical changes -in this

direction. The essential feature of the proposed plan, the corner-stone upon
which the whole scheme is built up, is the absorption of the J:ngineer, Pay,
and Marine Corps in the Line, anil the performance of their duties by line

officers, specially detailed for the purpose. To give them the needful train-

ing one year is to be added to tlie course at the Naval Academy, and the

additional time thus gained is devoted to those studies which are now fol-

lowed by engineers exclusively. A two years' cruise at sea is followed by
a course in Torpedoes and Steam, at Newport, and by a further cruise as

watch-officers. On the completion of this cruise, officers are to elect the

special duty for which they desire to be detailed. If they make no such
election, their career remains the same as that of the pn^sent line officers.

If they elect pay duties or marine duties, they are assigned accordingly to

ships and shore stations. If they elect engineer duties, they return to An-
napolis for a two years' course in Steam-Engineering; after which they are

ready to be detailed for service in the capacity of P^ngineers. They do not,
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however, lose theii* character as line officers, or their place on the list;

and they revert to the duties of the line, on their promotion to the higher
grades.

Thrt'e permanent corps are established, the Engineer, Pay and Marine
Corps, with officers of the grades of Lt.-ComniMnder and above; and vacan-
cies in the>!e corps are filled by competitive examination among those line
officers who have served two details at sea, in performing the duties of one
or another branch of the staff". In the permanent Engineer Corps are also
included the Constructors; and officers in the two lower grades of this
corps are to be sent to sea.

The changes in organization are to be begun by the cessation of all ap-
pointments in the lower grades of the staff corps, and the extinction of the
upper grades by the natural process. To h:isten the change, however, an
option is given to the present Passed Assistant and Assistant Engineers of
the relative ranli of Lieutenant, Master and P2nsign. of i-emaining in
their corps, or of being admitted to the line, upon passing the regular line
officer's examination for promotion to the grade in question. If, however,
they fail in the examination or decline it, their promotion ceases beyond the
grade of Passed Assistant Engineer; and if they pass they are placed at the
foot of the grade into which they are admitted. It can hardly be denied tiiat

such a provision would operate with excessive rigor upon tliese officers, es-

pecially upon those who are now Passed Assistants, with the rank of Lieu-
tenant. They are men of mature age,—some of them upwai'd of 40,—and
their prospect of promotion is a vested light, which they have long and
justly counted upon. It is proposed either to take away tin's right of pro-
motion or to make it contingent upon passing one of two examinations: the
first, a competitive examination for the permanent corps, from which many
men will necessarily be excluded; the second, a test ex.amination for the
line, in seamansliip, gunnery and navigation,—three comprehensive sub-
jects, which are, to a gi-eat extent outside of their professional training;
and this at a time of life when a knowledge of new subjects is not readily
acquired. And if they succeed in passing this difficult test, they are to be
placed at the foot of the list of Lieutenants, two hundred and eighty in
number, most of whom are ten years their juniors in age, and all of wl)om
are their juniors in rank. Perhaps the simplest method of avoiding this
measure would be to allow the Engineer Corps to be extinguished by
natural causes, in the way proposed for the pay and marine corps.
With nigard to the Education of Men, the essay is confined to a general

approval of the apprentice system, to a recommendation tliat ]\Iachinists
should become Warrant Officei-s, and to suggestions as to Messes and Cooks,
and the duties of marines on shipboard.

Scull are the principal features of the plan proposed in the prize essay,
and it is to be hoped that they will receive the fullest and freest discussion.
Lieut.-Comdr. Gooduich. Discussion implies difference of opinion. It

will be seen, however, that my own tentative solution of the problem of
Naval Education is, in its better features, mainly a modified repetition of
most of Li(!ut. Commander Buown's statements and suggestions, so that I
find myself rather lacking in pegs upon which to hang objections.
Nevertheless, there are one or two points upon which, in particular, I

can not entirely agree with the es.sayi.st.

First, as to the necessity of what he styles the perma)ient portion of the
Pay Corps.

It appears to me that, ultimately, it' will be a vei-y simple matter to se-
cure most able administrators of what is now the Bureau of Provisions and
Clothing, from the Line of the Navy. It has been said that progress is sim-
plification. I see nothing to convince me that, under the now order of
things, the Pay Corps as such will not be wholly superrtnons.

Secondly, while at one witli the essayist as to the desirability of at once
beginning the move which will gradually result in tiie absorption of the
Engineer's function by the Line, I confess to entertaining a grave doubt as



379

to the justice to the Midshipman graduate of tiie Naval Academy of summa-
rily putting a number of men in between him and the higher grades of the
service. Did not the condition of afiairs, at the time of his entrance into
the Navy, involve a tacit agreement that such things as this, at all events,
should not be done to lessen the value of the prize Ijeld out to him?
Thirdly, 1 take it for granted that the Commander Engineer is not to go

to sea in command. I liad hoped that the number of officers of high grade
on board one sliip would be lessened materially through this essay.

I have been thus frank tliat 1 miglit with more weight add to tjie essaj'-
ist's remarks upon tlie course of Instruction at the Torpedo Station, the
further suggestions, that the subject sliouid be included in examinations for
promotion and that, in view of the constant changes in this branch of naval
warfare, all Lieutenant Commandei's sliould pursue a course (a second one
if necessary) before receiving their Commantler's commissions.
The proposed officering of the Marine Corps and the increase in the

mimber of marines allotted to a vessel must be regarded as a happily con-
trived scheme for increasing the efficiency of both guard and ship; 1 say
nothing of the material comfort introduced. The cliange in the status of
maciiinists is merely the recognition that something must be done to attract
to and retain in the service, men who are really worth the liberal wages
now so often squandered on inefficient and intemperate bunglers.

I am sure that the objections urged in the discussion will as a rule be
directed against the details ratlier than against the plan as a whole. That
plan will be felt to embody the wants and aspirations of the service at large
and will be welcomed not only for its immediate value as a permanent and
important contribution to the literature of our profession. 1 sincerely hope
the time is not far distant when we shall all rejoice in belonging to a hom-
ogeneous Navy modelled largely, if not entirely, according to the sugges-
tions of this essay.
Passed Assistant Engineer Robinson. It was with a great deal of pleas-

ure that I listened to the valuable, and interesting paper on Naval Education
read by Lieut.-Commander Bkown before the Institute, Thursday evening,
March 27.

It is a well established fact, by comparing the present with the past, that
to increase the education of the naval officer is to increase the efficiency
of the navy; and it is equally apparent that any improvement in the edii-

cation of the naval officer, should not be contined to one class of officers,

but should be extended to all, with such modihcations as the special natui'e

of their respective duties might demand.
I deem the major part of Mr. Brown's essay as worthy of the greatest

consideration, and as being an important step in the right direction, al-

though there are some points on which we must disagree ; and as they are
mostly concerning that part of the naval organization in which I am pro-
fessionally interested, I will contine my remarks mostly to them, touching
slightly upon matters of general interest, and leaving the representative
men of the other branches of the service to take care of their part. I can-
not see any just reason, however, why the Surgeons should be an exception
to the general scheme of naval education. Why should not the young naval
medical student be instructed as well in the service, as out of it? Is it be-
cause the senior medical officers of the navy are incapable of teaching
them? I think not, and believe that they would receive a better training
for that special kind of service in which they are expected to distinguish

themselves, than tliey do at outside institutions; and that the establishment
of a naval medical college or department at the naval academy would be
of atlvantage to the service, and require very few more officers to conduct
it, than are required to perform the present duty. Four years at such a
school, where tliey would receive the benefit of the experience of naval sur-

geons, would certainly better qualify them for the service, than two years at

any outside college, which I think is ample time to obtain a diploma at the

most of them.
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England, if I am not misinformed, has a military medical college at
" ]Sletley " on Southampton Water, where the medical officers are instructed
for both the army and navy.
Mr. BuowN shows how the officers of the navy are divided into line and

stall; sets forth in detail who belong to the latter class; then reduces his
system down to the education of one class of officers, and these are re-
quired to know about everything worth knowing.
From this class are to be detailed officers to perform the duties of Paymas-

ter, Engineer, Constructor, Navigator, &c., as may be required in "a man-
ner to conduce to the harmony ot the service, and the good of the country."
As to whether this system would eradicate the implied want of harmony
in the service—which we recognize as that existing between line and staff,

or not—is an open question.
1 believe that it would to a certain extent, but not wholly. It would in

this way ; the officers, for instance, performing duty in the engineer's depart-
ment, would be drawn from the same original source as those performing
duty on deck; consequently, the latter would have less desire to mterfere,
and the former would possess greater ability to resent encroachment. And
in addition to this, the commanding officer, in deciding points of disagree-
ment that might arise, would not be mtiuenced by the prejudices that now
exist; and the representative staff officer would not have to seek justice at
the hands of a hostile commanding officer.

Cases of interference would arise then, as they do now, probably not so
frequently, and they would be more easily settled on the basis of right and
wrong, instead of corps prejudices.
There is a way of producing harmony in the service between line and

staff', a very simple one, one that is much desired by staff' officers, and one
that could be easily brought about, as 1 shall endeavor to show further on.

I believe with Mr LJkown, that the duties now perlormed by the Paymas-
ters, could very readily be performed .by other officers, for instance, the
lieutejiants, with very little extra training; but whether this would be a wise
policy or not, I will leave for wiser heads than mine, or for the guardians
of the public funds to determine.
Paymasters, at times, have in their possession large amounts of public

money, and as human nature is weak, ilie Navy Department has found it

necessary to place tliem under heavy bonds. As we have no right to ex-
pect a higher standard of honesty among the line officers than among the
paymasters, they, too, would have to give bonds when detailed to pertorm
this responsible duty. But the department might experience some liifficulty

• in compelling an officer to give bonds in this case. What if he declines and
says, " 1 will perform the duty but not give bonds'''"} 1 see no way of com-
pelling him to do so.

Should this scheme be deemed advisable, it would only be necessary to
add to the course of study at the Naval Academy, book keeping; this should
be of a character to suit naval accounts, and should be taught to : both the
cadet engineers, and cadet midshipmen.
The number of officers of the Pay corps is so small, that such a change

could be brought about in a few years, without injury to any one, by stop-
ping appointments to that corps at once.

Officers to perform the duties of Marine Officers on board of ships, could
very readily be detailed from the line, and tliey would require very little,
if any, special training, as they already perform the same sort of duty.
Thus the present method of furnishing vessels with marine officers, could
be allowed to die out, but with it the •' esprit de corps" of that branch of
the service, anil much of the military character of a man-of-war.

I do not think that the proposed Jack-ol-all-trade system would conduce
to the good of the country.
The example of progress in the sciences and mechanical professions

shows, distinctly, that the tendency is towartls specialties, and to this ten-
dency is due the vast strides in improvement and invention.
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No one head is capable of holding all that Mr. Brown has shown to be
necessary to the efficient line officer, in addition to wluit is required by
an engineer to keep up to the times in his profession, even without adding
to the country's good by original production.

1 have found tliat tliere is more in my profession than I am able to mas-
ter, and I believe that the line officer will rind all that he can manage if

he follows the programme laid out, without aUemptin<j to become a compe-
tent Engineer. I do not wish to be understood as^ opposing tlie system of
instructing line officers in steam engineering. 1 believe the decision to
give midshipmen a course on marine engines a wise one. it has been my
experience, and I know it has been the experience of many otliers of the
corps, that the commanding or other line officers who possessed a good
knowledge of the steam engine, were the easiest to get along with, the
least likely to interfere, and are not the ones to give orders to tlie chief en-
gineer to carry twelve pounds of steam on one boiler and twenty pounds
on the other to favor the weaker boiler ; nor to scrub his engine room Hoor
plates with sand and canvas. Such an officer would say "i want to do so
and so; you know best how to do it, go aliead and do it;" thus trusting to

the engineer to manipulate his boilers and engines to the best advantage,
and it would be done ; for there is no better method of making efficient

naval officers, either line or stall", than to place couhdence in tliem, and hold
them responsible for tlie result; and there is no better way of making
timid officers than to show a lack of confidence in them.
To return to the subject of professional qualilieations, it seems to me that

the naval constructor, who makes himself master of all the methotls of
designing, laying down and constructing iron and wooden sliips, un(l keeps
up with the progress of other countries in tliis particular, has no time to

become proficient in navigation and seamanship; if he has, the time might
be well spent in seeking improvement in our present methods of suip build-

ding, as there seems to be some room in that direction.

1 would therefore reduce the classes of officers to be educated at^ the

Naval Academy to the line and the engineers
;
possibly the surgeons. From

the line would be detailed the officers to command the Marines on board
ships, and from the engineers would be selected the constructors, consulting

as far as possible the natural inclination of the cadet.

The pay officer for the cruise might be detailed from either the line or

the engineers as their qualifications in that particular would be the

same.
The present course of instruction at the Naval Academy, thougli a good

one, 1 believe, with Mr. Bkown, could be materially improved. A good
practical course on Iron bhip Buildin(j sliould be added to the Department
of Steam Engineering, with the means of building a small vessel.

The addition of anotlier year to the course, might be of advantage as the

time seems too short to accomplish all that is desired. That some altera-

tions are necessary in the present programme of studies, seems to be a fact

recognized by many of the instructors.

In all studies not professional the cadet engineers and cadet midshipmen
should be as one class, and the cadet engineers should participate in all

military drills, except during thejast year when they should be excused
from ail drills, the time being given to shop service.

1 see no good reason why the cadet engineers should not participate m
the boat drills ; if there is any reason why an engineer should not know how
to pull or sail a boat, 1 am ignorant of it. It has been my lot to have to

take charge of a boat a great many times during my career of nearly eight-

een years in the service, and at first I experienced great inconvenience

from the want ol knowledge of the subject.

Tile last two years of the course should be confined as far as possible to

professional stutiies and practical exercises.

The method of appointment, accompanied by a competitive examination

is a good one ; and the idea of a two years preliminary course prior to the
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selections for the service is an excellent one, as it would most assuredly
obtain for the service the best material to be had.
The proposed plan of absorbing the engineers and constructors by the line,

I consider impracticable, unnecessary and undesirable, for reasons already
set iorth. It would not only fail to conduce to the country's good, but
would work a palpable injury to the service from which it would take years
to recover. Allowing the average ability in the engineer corps to be near
that of the line, what benefit could the country obtain by replacing officers
of from fifteen to twenty years practical experience and hard study by oth-
ers of but a few weeks of elementary instruction. It would largely in-
crease the number of line officers, and with it their prestige and power,
and would practically destroy the engineer corps as an organization.
To bring about this state of afiairs, Mr. BiiOWN proposes a system of amal-

gamation. We will examine this method and see what effect it would have
upon the present engineer corps.
Mr. Bkuwn says, "' as regards the engineer corps we may well take a les-

son from the French Service. The engineers should be the ' Corps d'flite.''

The scientific men of the service should there find their appropriate place.
They should be also the constructors, uniting in their corps the offices of
designmg and construction of vessels, as well as the machinery to propel
them."
This sounds excellent. He then proceeds to establish what he terms the

permanent portion of the corps, consisting of one ( 1) Rear Admiral—En-
gineer in Chief; two (2) Commodores—General Inspectors—for the Bu-
reaus of Engineering and Construction; twelve (12) Captains for Construct-
ors and supervisors of engineering works outside ; twelve ( 12) Commanders
for Chief Engineers of the Yards, and twenty-five (25) Lieutenant Com-
manders to be Chief Engineers of first and second rate ships and to assist the
Chief Engineers and Constructoi-s at the yards ; as there are usually more
than twenty-five first and second rate ships in commission it would be
difficult to provide for them, and render much assistance to the Chiefs at
the Yards, without considering the subject of reliefs. However, he thus
provides for fifty-two (52) of the seventy (70) Chief Engineers now in the
service, and does not say what is to be done with the rest. These induce-
ments might tingle in the ears of the older chiefs, and secure for the line
an able ally to work the destruction of the lower grades, but we will hope
for something better.
Leaving eighteen (18) Chief Engineers with the rank of Lieutenant Com-

mandei- unprovided for, we will proceed to examine the proposed method
of disposing of the Passed Assistant Engineers with the rank of Lieutenant
of which there are over eighty (&0), at present. Over seventy (70) of these
are entitled to their promotion to the grade of Lieutenant Commander in
their oAvn Corps by the regulation under which they entered, and have been
for many years. Nearly one half of them entered the active service in the
year 1861 as contemporaries of over thirty (30) of the present commanders
of the line, and with them rendered the country good service during the late
war, but fell far short of receiving coiTcsponding rewards.

It is proposed to examine these officers with a view of transferring them
to the line, a branch entirely different from the one in which they have
been trained; and if they fail to pass the examination, promotion ceases,
disregarding their qualifications to perform the duties of their own corps,
and tliey are virtually retired, if not actually driven out of the service, at
a time in life too far advanced to commence another profession, and en-
tirely unfitted by their naval life to embark in any such adventure.
They would be required to pass the examination now passed by a master

—

one entirely unprofessional to them, and if they were successful what
might they expect? Judging from the example of the volunteer officers
who were transferred to the regular line after the war, they might expect
to be placed at the foot of the list of over three hundred lieutenants, and
junior to hundreds of officers whose whole time of active service is less
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than that which many of the Passed Assistant Engineers have ah-eady been
entitled to their promotion to the grade of [lieutenant Commander.

If they fail to pass the examination, promotion ceases by virtue of their
failure; if they pass, promotion is placed so far ofl" that 'not a single one
would live to reach it.

AVh< re is the inducement for a man of forty-five, to enter the school of
navigation and seamanship for the purpose of competing with the yoimg
man fresh from the Naval Academy? I tliink but few would attempt it.

Having passed the examination successfully, and been accepted as jun-
ior lieutenants in the line, they are to be detailed back to perform the very
same duties they now pei-form, and wherein has it conduced to the good of
the country? It certainly has not conduced to the good of the otEcer most
interested.

Returning to the subject of restoring harmony in the service, it occttrs to
me tliat the first thing necessary is for every officer to render his individu-
al assistance. Let the line cease to term the staif civil adjuncts, non com-
batants &c , and recognize the inevitable truth that in a military organiza-
tion all things are military.

'J\vo officers appointed by the President, by and with the advice and con-
sent of the senate, receiving commissions struck from the same block,
with the necessary blanks tilled in with their names and respective pro-
fessions, cannot differ much in their military status.

I fail to see why the officer who gives the order to the man who turns the
wheel, to make the ship go starboard or port, is any more military than the
officer who gives the orders to the man who turns the wheel to make her
go fast or slow, or why the officer who gives the orders to the man who
manipulates the machinery to train the gun, is any more military than the
officer who gives the orders to the men who manipulate tlie machinery to
turn the turret that contains the gun, or why the man who shovels coal in-

to the furnace during action is less military than the one who shovels pow-
der into tlie cartridge.

The duties on board ship shottld be well defined, and no officer should be
allowed to encroach upon the legitimate grounds of another. Let the line

officers, navigate, sail, and police the ship, the engineer, engineer her, the
paymaster perform his duties as commissary and paymaster, and the sur-
geon exercise his sanitary functions as health officer. Let the command-
ing officer decide impartially by tlie law of the land, and hold the head of
each department responsible for the efficiency of that department, as he
alone is responsible to the Secretary of the Navy for the efficiency of his

ship.
As the Bureaus in the Navy Department are to the Secretary of the Navy

so should their official representatives on board ship be to the command-
ing officer.

Due respect should be shown to seniority, whether of line or staff; and the
controlling influence should be based upon equal rights, justice and impar-
tiality.

Let this system be adopted and I venture to say that harmony would be
l-estored and contentions between line and staff would cease.

A word more concerning the proposed method of furnishing firemen, and
I will close my part of the discussion, wliicli has already assumed dimen-
sions beyond my anticipations. Firing may not belong to that kind of la-

bor called skilled, but there are certainly skilled firemen, although they are

scarce in the navy, owing to the system of seamen and ordinary seamen
extra, with reduced pay Avlien not actually steaming. After the introduc-

tion of this plan, I am confident that seventy-five per cent, of the best fire-

men in the navy at the time never reenlisted, but sought employment in the

merchant service. Some of them have been induced to return during the

last two or three years by a partial return to the old system. The differ-

ence between good and bad faring has a remarkable eftect on the coal pile.

a fact familiar to every engineer. Firing is almost a trade, men follow it
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as a profession, and take pride in their ability to handle a fire to the best ad-

vantage. Such men abhor the duties of seamen, as a good seaman does
those of firemen.
By the introduction of the plan referred to above, the government saved

a few dollars on the firemen's pay but lost many times that amount in the
expenditure of coal, due to incompetent firing.

The pn^posed plan of sendmg seamen into the fire room to do the firing

when retiuired vvouhl certainly incn^ase this element of expense, add great-

ly to the inconvenience and embarassment of the engineers' department,
and add nothing to the welfare of the ship, nor to the service at large, ex-

cept so far as it contributed to tlie system of general amalgamation, with a
view to having but one class of beings on board of the vessel at sea.

Com(h-. Mahan: Before making certain comments and criticisms on the

Prize Essay which was read before us a fortnight ago, 1 wish first to express
my own concurrence, in the main, with {.Xm general plan laid out in it. I

atlopt heartily as my own the words which I am about to read from it, and
which, less ably expressed but otherwise almost verbatim, occurred in an
essay which 1 had myself the honor to lay before the exaininers.

" I assume the broad principle that (wuh the exception of the Medical
officer and the Chaplain) ever.Q officer on board ship should be a combatant
sea-officer, a graduate of the Naval Academy, an efficient addition to the

strength of the ship's company, in lieu of the present plan, by which many
persons of the ship's complement are unskilled and untrained in the use of
arms."
And here I may say that I trust, however much at first sight the idea

may be distasteful to individuals, that they will endeavor to lay asiile pre-

judice, and to weigh carefully the proposition placed before them, as well

as their own arguments against it. As instancing what I deprecate, 1 may
cite words tluit occur in a letter which I lately received from an otiicer of
sound judgment and much ability : "1 liave not yet" he says '-had time care-

fully to read the essay, but 1 don't myself believe in the jack-of-all-trades

business."
1 bi'lieve this particular officer will give consideration, but I fear many

will ilismiss the subject with some such ad caplandain nYgiwaant-^ 1 know
of one wlio ilid S(j. But we must beware of taking a proverb as an argu-
ment, however valuable as an ilkistration or a ^imile.

ior let us consider just what we are in the Navy now; of how many
trades even now are we jacks. Take the matter of sending men ashore as

solili(n's, are we masters of that trade strictly? Take the matter of law;
of tliat we must know enough for courts-martial and for certain phases of
international and prize law : but are we masters of law? If the fair mean-
ing of the word jack be as I take it, to have a useful but not an exhaustive
knowledge of :iny pursuit or handicraft, then we have now to be jacks in

many businesses—e.g. : Astnmomy, Naval Construction, Electricity etc. It

does not follow that because jacks at many we will be master of none.
We must not be satisfied witlKnU being master in two things, viz.; the

handling of our ships ami the using of our guns; there our knowledge must
b(i minute, compreliensive, thorough. But 1 see no reason that being jacks
at all the others, and able to manage a steam engine to boot, need hinder us
from being master of the one trade which is peculiarly ours.

In this connection tin; peculiar necessity of our own navy must not be
left out of sight. With no coaling stations abroatl, we are not yet in sight

of the day wlien we can largely do without canvas. Our ships must lor

long both steam and sail. The younger officers can therefore be fieeted

fr(»m tlie forecastle and quarter deck to the engine I'oom, according to the
circumstances, with great advantage; and if the distinction between the
engnieer and the line corps be done away, pride, instead of distaste as here-
totore, will be lelt in the management of tlie engines as widl as of the deck.
1 myself lirmly believe that among the lads now here at the school are to be
found a j lenty who, with stiitable instructions and practice, would within
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the six years of cadetship became equally valuable, (and by that T don't
mean of no use at all), in th(! engine room and aloft, rtipairing macliincry
or liandling a boat. If this be so, and tJiis is the gist of the wliolc matter,
incalculable in many ways would be the benefit to the service of tlie change
advocated.
As reg;irds the paymaster's duties, the matter to me admits of no argu-

ment. The instances that have come to my knowledge convince me that a
young line oflicer can pick up tliose duties rapidly and do them thoroughly
well.
Having thus had the pleasure of stating my agreement with the essayist

on the main issue, I proceed to state certain points, of detail yet essential,
in which I differ from liim.

First: as to competitive examinations for admission to the school.
My distrust of competitive examinations dates back to my early knowl-

edge of our military school. While the methods of that school are anti-
quated possibly as compared with some of ours, still, while we claim the
merits of youth, we must admit that we have not yet had the opportunity
of proving the advantages of our training in the brilliant manner which
was offered to the elder institution, though the youth of our graduates, I
believe, alone prevented tlieir furnishing sucli a brilliant array of names as.

was furnislied by West Point soldiers, on both sides, in the late war. Tlie
west Point system, if antiquated, has had the crown of success; and of that
sjstem unless I greatly mistake competitive examinations and a high stand-
ard for admission did not form a part. I remember hearing one of the old-
est professors there say that on the whole they were better satisfied to have
the youths come knowing little, (a low standard in other words) ; and as he
had not to do with the entering classes he probably spoke the views of his
colleagues who liad. At all events, whatever the theory, for many years
the practice was such.
And after all what does a competitive examination for admission prove?

Nothing; except that a boy when you begin his naval training knows so
much. It does not prove brains, nor energy, nor perseverance, nor pluck. It

only shows who has had tlie most schooling, or perhaps the most recent
judicious and thorough cramming. We all see that clearly enough here at

the final examination of graduates; what is that but a competitive examina-
tion? And don't we all cry out about that counting too much in comparison
with the four years course at the school? Rightly we so do, I think;^and
yet that at least comes at the end of their naval trainmg to establish rank,
while the competitive examination at the beginning really establishes noth-
ing beyond how much a boy has had shoved into his head.
We have, however, here at the school some data for comparing the two

systems, although, from the few years that competitive examinations have
obtained, the results are not exhaustive of the matter. The cadet midship-
men are appointed without competition, and have a low standard for ad-
mission and are younger. The cadet engineers are appointed by competi-
tive examinations, the best twenty-live among all comers; the staniiardis

much higher, and they are older.

To institute a comparison I have taken those studies which being pursued
in common are also considered to be the most difficult. In these 1 tane the

percentage, out of those who pass at all, that obtain a mark of 3; which by
the marking of the Academy indicates '' yoody 1 do not take the percent-

age of those who enter, but of those who pass; because the many who fail

and fall by the way do not affect tiie service of the Government; except by
the money they cost. Under a strict rule, this is comparatively little, as

they generally drop out in the first few months. The first classes between
•which the comparison can be made are those which gratluated after a four

years' course in Ji;ne, 1878.

The average age on admission of cadet midshipmen was 16.5 years; the

average age of cadet engineers of the same class, 18.5.
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TIT J.X } In the Sd class year 38 per cent cad. mids. got a mark of 3.
Math. ^ "47 cad. Eng'rs

9 per cent, in favor of Eng'rs.

_,, . , > In the 3d class year 46 per cent. cad. mids. got a 3.
Chemistry.

J
" 43 " cad. eng'rs

7 per cent, in favor of eng'rs.

Of the same classes in the 2d Class year, ending June, 1877.

Mechanics & ) In the 2d class year 33 per cent, cad. mids. got a 3.

Applied Math. 5
*' 43 " cad. eng'rs "

10 per cent, in favor of eng'rs.

Magnetism «fe ) In the 2d class year 47 per cent. cad. mids. got a 3.

Electricity, 5
" 29 " cad. eng'rs got a mark.

18 per cent, against eng'rs.

Of the same classes in the First Class or Graduating Year, ending June,

1878.

Naval con- \ In the First class year 83 per cent. cad. mids. got a 3.

struction. 5
'* ^3 " cad. eng'rs

10 per cent, in favor of eng'rs.

Heat and > In the first class year 42 per cent. cad. mids. got a 3.

Light. 5
" 43 " cad. eng'rs

1 per cent in f:\vor of eng'rs.

Classes that will graduate this June, 1879.

The average age of admission of the cadet mids. was 16.7. The average

age of the cadet eng'rs IH.l.

T,r ^u } In the fourth class year 42 per cent. cad. mids. got a 3.
Math.

J
" 54 " cad. eng'rs

In favor of eng'rs 12 per cent.

Same Classes, year ending 1877.

T.^ ., ) In the third class year 46 per cent. cad. mids. got a 3.
Math. ^ .. 29 " cad eng'rs

In fiivor of mids. 17 per cent.

T^, . ) In the third class year 34 per cent. cad. mids. got a 3.
Physics.

J
"52 " cad. eng'rs

In favor of eng'rs 18 per cent.

Same Classes, year ending June, 1878.

Applied Math. \ In the second class year 29 per cent. cad. mids. got 3.

& Mechanics. J
" 30 " cad. eng'rs "

In favor of eng'r 1 per cent.

Mao'netism «& ) In the second class year 31 per cent cad. mids. got 3.

Efectricity. 5
" ^^ " ^''^'^- ?"=>"s "

,

8 per cent, in favor of eng'rs.

Class that will graduate June, 18b0.

The average age at admission of the cadet mids. was 16.6 years. The
average age of the cadet engineers, 18.7 years,

- , ,
) In tlie fourth class year 46 per cent. cad. mids. got a 3,

.Math. ^ .»
^ 4Q .' ^..^^\^ eng'rs

In favor of mids. 6 per cent.

T., ^, ) In the third class year 39 per cent. cad. mids. got a 3.

Math. 5 "47 " cad. eng'rs

In fjivor of eng'i's 8 per cent.

Chemistry & \ In the third class year 33 per cent. cad. mids. got a 3.

Physics. >
" 53 " cad. eng'rs

In favor of eng'rs 20 per cent.

Tlie vei-y great fall in the percentage of cadet mids. attaining the stand-

ard adopted by me for comparison, between the fonrtli and third class

year in this class, led me to seek a probable cause. I found then that there

appeared on the class list thirteen names wliich did not appear in the list

of those who passed the year before. These names represent cadets who
had been found deticient or dismissed, or turned back: names whicli in

every case, without a single exception, swelled the total of the class with-
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ont once adding a nnit to the number who had gotten a 3 in Mathematics.
One alone of the thirteen attained a 3 in Chemislry. If we allow for tliese

additions to the class the percentage in Mathematics rises to 51, in Chemis-
try to 44. The same class of engineer cadets suffered the addition of only
one incompetent to their number.
Considering that the cadet engineei's are from eighteen months to two years

older class for class, than the cadet midshipmen, a very undoubted advan-
tage, the run of tlie percentages may be fairly claimed to show, as far as
tiiey go. that no relinnce can be placed upon competitive examination to

indicate mental capacity, or future attainments.
This may however be even more satisfactorily shown by comparing the

standin.s; of cadet engineers, as assigned on admission with that maintain-
ed through the course. For this purpose I take the first five of successive
classes, as established by the competitive examination for admission, and
follow them through the course.



erence only to this last class of cadet engineers. I give below the stand-
ing on admission of those who stood lirst five after a year of Academical
training.

Class of 1881.

Standing at the onri of 1st year. Passed on admission.

1878. 1877.
1

8'

2 13

3 19

4 a turn back from previous year.
5 22

It seems likely that some of the best men of the 69 were actually reject-
ed by the competitive examination.

I do not, however, argue that a competitive examination is a worse sys-
tem than mere favor, for admission to a naval career. I contend merely
that it is no better, and I think the above figures, though limited in extent
from the nature of the case, go strongly to support the a priori probability
that competitive examination for admission to a course of naval training
will not get better men than chance does.
But if so why not acquies(!e in the examination, the more so because, as

the essayist says, the chance of obtaining an appomtment is tiiereby exten-
ded largely and embraces many who would have no claim on political f^ivor?
If I have no answer to this I must lose my case, but I think I have a good
one. Although examination determines nothing of value, not even brain
capacity, yet there are qualities, recognizable in boyhood, from which one
can safely infer success as a naval officer. Courage, enterprise, leadership
among comrades, perseverance, staying power, such moral qualities joined
with bodily vigor, give the assured promise of the good officer. Such a
stanilard I would hold up, as f^ir as possible, before those in whose
hands the appointments lie, hoping that in time a sound public
opinion would be formed. Meanwhile I would not tie the hands of any,
who should wish to exercise their power judiciously, by forcing them to
adopt a system which will give no better results than simple favor.

After all, there is about competitive examination, as :ibout many other
good things, a great deal of cant. To choose a grown man to be ready in-
stanter for S(mie special work a competitive examination is probably very
well ; but it does not follow that it is equally, or at all, useful in selecting
lads to begin their education for the sea.

I must touch hastily and slightly upon the other points in which I differ
from the esssayist.

A course of five years appeai-s to me too long. The only circumstances
under which it could recommend itself to my judgment woulil be wiien ac-
companied by a reduction of the maximum age for admission from eigliteen
to sixteen years, or even to fifteen. A yet better provision perhaps would be
that none should graduate over twenty one. Under the proposed plan
some midshipmen would leave the Academy for a steerage at twenty-three
and would only be eligible for the lowest commission at twenty-five.
Many of the studies j)roposed, however suitable for a corps d'elite, are

unduly difficult and will be practically useless to the ordinary sea officer.
Notwithstanding the high authorities quoted I do not fully agree with the

plan of detailing line officers in turn for staff duties. It "may be well for
the army, I don't think well of it for the Navy. I should ratlier advocate
fitting every officer fin- deck and engine room work; to this let individuals
add, and stick to, some one specialty; one a paymaster, another a marine
oftietir, &c., until they reach tlie position of executive ofih-cr and captain.
The proposition of the essayist for dealing with the pi-(!sent gr.ide of

Passed Assistant Engineers appears to me whollv impracticable and un-
just. Granting that these gentlemen could pass 'a satisfiictory examina-
tion of the kind suggested, it is not fair to ask it of them, still less to require
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them, :it the age they have now attained, to enter upon wholly novel duties,
I have ah-eady stated empliatioally my accord with the essivyist's uciier.al

plan; modified in detail I should like to see it go into instant operation.
But its fruits are for that future in which our contemporaries will he on tiie

retired list. The present organization must go on until the gradual passing
away of its memhers. one by one, shall leave the ground clear for the new;
as the first set of teeth make way for the second.
My last objection is to a suggestion which I regret that the essayist should

have introduced as it is not germane to the matter in hand. I do not tliink

it condncive to discipline that the commanding officer should mess with
the others. During a pretty long experience as lirst lieutenant, I have al-

ways found the hardest duty to be done was by messmates. A command-
ing officer, too, has at times to act in a judicial capacity for whicii lie is not
likely to be made more lit, by being brought into close original contact
with the m.atters in dispute. 1 am sorry, as I said, that the essayist should
have introduced the suggestion; for in stating my objection I have been
obliged to touch, however remotely, onr line and staff trouble, any allusion
to wliich, beyond a hope that the plan of the essayist may remedy it, is

wholly out of place in the meetings of this Institute.

Passed Asst. Eng. Manning. I would like to ask Mr. Bkown if it would
not be a more logical method of combining the coi-ps to examine the Lieu-
tenants for Passed Asst. Engineers, as it certainly is not contemplated to

detail any of the present Engineers for duties now performed by the Lieu-
tenants, but to detail Lieutenants to do the duties of Engineers.
Lieut.-Comdr. Buown. I did not propose that lieutenants sliould be

eligible to compete for promotion to tiie higher grades of the Engineer
corps until they had qualified, for I say in the essay that all the courses
mentioned should be thrown open to line officers, and that "the detailed
portion of the corps sliould be line officers who had specially qualified."

While on this point I would refer to what has been said as to the stoppage
of promotion of Passed Assistant Engineers. I think my idea has been
mistaken, for all of them would have a chance to compete for a vacancy in

tile next grade so that the best men among theili would be promoted,
without regard to seniority; and some of them do not stand any very great

chance of promotion now owing to their age, so that to a certain extent the

prospects of the best men would be improved. As we are on the question

of the engineer corps now, I would like to say that I do not think the essay

implies that there shall be a shifting from deck to fire room of the firemen
as was stated a few moments ago; but that the firemen shall be seamen
first, graduates of the apprentice ships. With regard to the matter of the

pay of these men, they receive when on board sea-going ve.ssi'ls the pay of

their grade wliether steaming or not. They have been considei ed as occu-

pying tlie position of petty officers on board ship; and as the other petty

officers receive only seaman's pay when on board the receiving ships, I

tliink it no more than fair that the firemen, who are doing none of the duty

of their rates, should receive the same amount.
Passed Assistant EngineerMANNiNG. I would like to ask Commander

Mahan if the relative percentage of graduates under the two systems

sustains his position?
Commander Mahan. There are not enough statistics to determine that

question: I have taken as a standard 3, which means " good" not consid-

ering anything below that as indicating more than that tolerable degree of

proticiency which permits a man to pass. I think that a complimentary 2.5

is not seldom given, as there is certainly no desire to bilge anybody if it can

be avoidea.
Commander Greene. It must be remembered that of the classes spok-

en of but one has graduated, so that no fair comparison can yet be made
with regard to the percentage of graduations to entries.

Passed Asst. Eng. Manning. As to the circumstances under which
a "2.5 " is given, they are as likely to occur with those who have en-
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tered under the standard examination as under the competitive, and if

Commander Mahiin will examine the records, I think he Avill find that

of tiiose who enter by the standaid only about thirty- three per cent. gra(ki-

ate and of those who enter by tlie competitive system about ninety per cent,

graduate, and that with a much more difficult course during tlie last year.

I do not believe we always get the best twenty-five of those who compete,
but that we come nearer to it than by any other method.
As to Mr. Bkown's project of recruiting the Line, Pay, Marine and En-

gineer Corps from one common source, no one would object; and I, for one,

think it an excellent plan; but they must be separated much earlier into

their respective corps than Mr. Brown proposes; eitlier at the end of liie

two years preparatory course or at latest on their promotion to the grade
of Ensign.
From those wlio choose Engineering should be selected the best for Con-

structors and designing Engineers but not till they had made at least one
three years' cruise at sea as watch engineers, for no man is fit to design a
vessel or her machinei-y till he has been to sea long enough to know what
is needed; for we have all had too much experience with vessels designed
by men whe have never been to sea.

Mr. Bkown, a few minutes since intimated that his plan improved the

prospects of the Passed Assistant Engineers for promotion and that as it is

now, many of them reach sixty-two yeai's of age before there is a vacancy
for them as Chief Engineers This is rather a dark view of the prospects,

hut it must be admitted they are not particularly bright, as for instance

there will be by the regular order of things, a vacancy for me as a Chief
Engineer in twenty years lacking a few months; but dark as is the pros-

pect, most of us older men would prefer taking our chances where we are

than to jom another corps at the foot of a list part of whom we have as-

sisted to educate at the Academy.
And how would the country benefit by this mixture of shot and peas, and

then sorting out the peas again? Certainly you cannot make shot of
peas or peas of shot by any such method ; the best that might be expected
from any such mixing and sorting is that a few of the most incompetent
Engineers might be replaced by some of the best Lieutenants of the line

wiio are of more value to the country and the service wiiere they are.

1 wottld instead make the education of line officers in practical engineer-

ing much more thorough than it is, as any one who is to command a steam
ship should know all about her. The junior line officers at sea should
stand engine and fire room watches, not as has been tiie custom in the ser-

vice merely as lookers on, but with responsible duties.

Mr. Brown and Mr. Goodrich both recommend giving Machinists war-
rants, which I think would be a grave mistake. Increase their comforts as

much as possible, give them quarters such as now occupied by the forward
officers (who with the exception of Boatswain could well be dispensed with
on our Third & Fourth Rates) but do not make officers of them, for then
you destroy their usefulness as skilled mechanics and defeat tlie very object
for which they were created. Make their appointments continuous by giv-

ing them a siiare of shore duty at Navy Yards, caring for and repairing ves-

sels in ordinary. Giving them warrants would be but commencing the En-
gineer corps over again ; for in the first Naval steamers the Assistant Engin-
eers were what Machinists would be if warranted.and with this recommence-
ment of tlie Engineer Corps would begin again all tlieir discontent; for we
have beim told that the Engineer Corps is eminently a discontented one, and
I acknowledge that it has always been so; and this very discontent, with the
help of rigid examinations, has been its salvation. It has never folded its

hands witii the comfortable assurance that it knew all worth knowing, but
has ever striven for professional advancement. Why repeat this evolution
Avhen tile corps can be better recruited in other ways?

I remember soon after entering the service, hearing .an old Commodore
say, that " if you compared the average Naval Academy graduate with a
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newly appointed 3d Assistant Engineer the Midshipman would know the
more of the two, but tivo years later this would be reversed, in a large ma-
jority of casc!S."

This has been remedied of late years by the adoption of examinations
for promotion in the line and I think Mr. Brown shoulil add to his scheme
of education, as an important item, rigid examinations in all corps, at least
to the grade of Commander.
As to Mr. Brown's project for firemen he must remember that the hand-

ling of fire tools is but a part of their duties, that it is when fires are
hauled tiiat some of tiie most important duties of the firemen commence.
If sucli of the Apprentices as evince mechanical tastes could spend two or
three years as laborers in the Navy Yard Machine shops they would then
make excellent recruits for tlio fire room.

JMaster ChASON. I should like to say a few woi'ds in reference to the as-
similation of those Naval Constructors now in tlie service, and the educa-
cation of those who are to replace them, as proposed by Lieut. Comdr.
BuoWN.

In reference to those oflacers now in the service, it is proposed that, 1st.
" No more appointments to the grade of Assistant Naval Constructor should
be made, and no promotion to the grade of Naval Constructor." Th:it no
more appointments should be made to Assistant Naval Constructor is, I
think, a step in the riglit direction: to stop the promotion of those occupy-
ing that position (5 only) seems unnecessary and unfair. 2ndly. "Compe-
tent Chief Engineers should be allowed to enter upon the duties of Con-
structors, and inducements offered to the present Constructors to retire."
The question naturally arises ; cnti any Chief Engineer, or aiiy one, not

epecially trained for the purpose, be competent to talce the place of a Con-
structor, or can he easily acquire the necessary knowledge and skill?—

I

think not!
At the Naval Academy we teach the Cadet Midshipmen to handle the

marlinspike, the oar and the sail; the Cadet Engineer to handle the ham-
mei-, the lathe and the engine; but where is the Naval Constructor taught
to handle the saw, the adze, the auger? And yet such teaching he must
have. Where are our Chief Engineers to get it; and are there sufficient

inducements off'ered them to acquire such knowledge? The Naval Con-
structor must, in the words of Boyd, learn "by practice; he needs certain
qualities of head, eye, character and const\t\\i\on not easily nor qidckly ac-
quired \ but, therefore proportionately valuable."

I think it better, therefore, not to interfere with the Naval Constructors
now on the list, but to stop all further appointments and immediately pre-
pare new material to fill any and all vacancies.
As to how this new material 'might be ))repared, I am not competent

to give more than a rough sketch, but I propose;
1st. An Academic Course, either as it is, or as pi'oposed by Lieut. Com-

mander Brown. A two years cruise, after graduation, as proposed by the
same gentleman.
2ndly. Take, then, such as desire to pursue this course, either from the

service at large, or from the newly commissioned Ensigns, and let them
be taught at a Navy Yard, where Construction is actually going on and
where there are more opportunities for observation than at Annapolis or

Newport, and where the expense of establishing such a school would also

be less. The courses to be three, or more, years as might be necessary to

gain a complete practical and theoretical knowledge of the subject, to be fol-

lowed by a searching examination, those failing to be returned to the ser-

vice, where their knowledge would alway be of some use, those passing

successfully, to take one cruise; then to be detailed to the various yards,

as needed ; while serving on such detail to have an increase of 10 per cent

added to their pay; on a vacancy occurring in the higher grades, the posi-

tion to be filled by senority, or by competitive examination, as might be

judged best for the interests of the service.
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Master Staunton. I rise with considenihle hesitation and diffidence to

give my views on tliis essay especially as tiiey involve an unfavorable crit-

icism of some parts of it, and as the \veio;ht of expressed opinion here this

evening has been against tlie opinions that [ am about to ailvance But no
topic of greater im|)ortance can come befcn-e the Institute for discussion
than the topic of tliis es-ay: and if the voice of the Institute is to have any
weight in the future decision of this question, the discussion sliould be free

and ample, and any opinion, however diffidently expressed, may be placed
upon record and judged by its merits.

Lt.-Commander liuoM'^N has taken for his motto *' who does not progress,
goes b;ick\vard," but it seems to me that in his plan of naval education and
reorganization, he lias denied tiie accepted application of his own motto in

all otlier learned and scientitic professions. Instead of limiting individ-

ual ajiplication, he extends it. Instead of directing individual cftnrt

to advancement in specialties, he spreads it over a still wider field. In
other professions it is thought that progress lies in .a ditierent direction.

Lawyers devote themselves, some to real estate practice, others to tlie

practice of commercial law, still otliers to different branches of jurispru-
dence; and they attain celebrity in their special departments at the expense
of tlieir knowledge of others. The best medical men are specialists. A
country physician may set a broken leg or doctor a diseased eye; but if tlie

fracture is a bad one, or loss of sight be threatened, we apply to the city-

expert.
It may be said, and I confess the accuracy of the statement, that tlie Na-

val profession differs from those civil professions to which I liave referred.

It does differ in a mai'ked degree; iDut not to the extent of denying the
applicati<m of this general principle. A man can certainly learn both ord-
nance and mechanical engineering; but he is not as likely to become an
expert in eitlier as if he applied huuself excliTsively to one. It is not the
question of time so much as that of diverted attention and interest. Suc-
cess demands concentration.

Tlie profession of the line officer as it stands to-day is so comprehensive
that the most ambitious and best minds of the service devote themselves to

special branches of it. Should its sphere be enlarged this tendency will be
increased.
Should an attempt be made to check this tendency by an arbitrary de-

tail for duty witli no regard for individual tastes or individual preparation
in special branches, the^result would be discontent and hopeless mediocrity,
or worse than mediocrity. If the contrary system sliould be pursued, and
men who have qualified themselves in special branches be selected for du-
ty in those branches, the tendency is marked and encouraged, and thus we
drift back into corps in effect if not in name.

I understand that Lt. Comdr. BiioWN desires to encoui-age this attention
to specialties: and he proposes to supply the vacancies in the "permanent"
part of the staff corps by appointment, subject to competitive examination,
from those who have served two details at sea on that special service.
This offers to my mind a serious objection. These '' permanent" positions
will be desirable and much sought after; tlie greater part of those who ap-
ply must f-ul of their olyect, no matter what their merit, and then they
are relegated back to their executive duties after having devoted six, eight,
or ten years to special study, which in the ordinary line of their duties is of
small advantage to tliem, and may be regarded almost as so much tiiiie

wasted.
That these views make the organization of the service more coraidex I

freely admit; but I hold that increased complexity is a necessary accom-
paniment of proyressive naval and military organization; either incrcastid
complexity or its opposite, diminished efficiency. Nor need this gi-e.iter

conii)lexity diminish in any sense the value of a service. Every officer

trained to certain duties, and fultilliiig perfectly tlie object of his training,

is a most valuable part of the whole. Of course greater ability is demand-
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ed of the general or admiral who controls sncli an army or navy. T liave
no doubt that the snccressfnl commander-in-cliief of to-day is' a man of
greater genins than he wlio was successful in the time of Alexander— or
even in the time of Napoleon.

Tlie line oflieer of our navy has now his executive duties to look after,
besides keeping himself ready for service as a navigator, surveyor, and ord-
nance olHcer. It is quite as much as he can do well. And it must be con-
sidered in this connection, that if our Navy is to endure, ordnance will
mean something more in the future than it hiis in the past. The e.'^prit. de
corps of the service will demand more external support than has been
given it of late years. The perso/i^cZhas done what it could; but we don't
take the pride in our flag tiiat we should feel if it floated over ships and
guns tiiat compared better with those of other naval poAvers. With im-
proved ships and ordnance will come incentive for study of those matters,
and greater demand for it.

I fail to see the force of the arguments adduced by the essayist from other
services. The English are abolishing their navigation oflicers as a sepa-
rate corps, it is true, but their ordnance oflicers are still part (in the grade
of lieutenant), and if there has ever been any proposition to incorporate
executive oflicers and engineers, I have never heard of it.

The staff" of an army includes much more, if I have a correct idea of
army organization, than tiie staff corps of a navy; and staff' duties include
m:iiiy that our_ line officers now do. All duties of organization, mnny de-
tails of pi-ocuring and transporting stores, everything relating to ordn.-ince
and e(iuipment, surveys, and the making of charts and plans of operations,
are in tiie hands of the line; and whether as army staff", or as naval line du-
ties, they are necessary items in the experience of evei-y officer who is to
command.

I can well understand the value which military men place upon tliis va-
ried experience, and therefore their recommendation th.-it line officers lie-

detailed for a term of staff" service, at the expiration of which they shall re-

turn to their regiments; but an infantry or cavalry lieutenant detailed
to serve as an ordnance officer or quartermaster d: es duty not far ditt"erent

from that to which naval line officers are constantly liable. Here 1 would
like to ask Lt. Connh-. Bkown if in any military service, the engineers are
detailed from the line.

Ll. Conidr. Bkown. In India, according to Upton, many of the public
works are in charge of officers who are detailed from the artillery, and
from what is known as the staff coi'ps, (to which all of the European offi-

cers of the Indian army will ultimately belong and to enter which all ofH-

ceis above the grade of sub-lieutenant are eligible).

Master Staunton. I did not know that there was any exception to the
rule.

As to the appointment of paymasters and marine officers, I think with
Lt.-Comdr. Bkown tiiat they should be selected from graduates of the na-
val academy; but I would like to see their appointments permanent from
their entrance into the corps for reasons already given.

I shall conclude my remarks with a reference to the " ideal naval officer"

whose acquirements are enumerated in the pages of the essay.

Many lines are flUed witii the mere list of tliese accomplishments, some
of which miglit be in themselves separate professions. It would be very
fine if this ideal could be realiz(Hl in one individual, but I do not think it pos-

sible. Probably it may be deemed better to attempt less and to do that less

more thoroughly; for it is to be remembered that a struggle for an impos-
sil)le iileal may result in the worst failure.

Lieut. Soi.KY. It seems to me that the plan of amalgamation proposed
would be unjust to the officers who would be most affected by it and to

those wlio aie ct)ming up to take Uieir places. Such :i plan could (>nly be

put in operation in the future. Those who are now in the service have
readied their positions under a certain understanding with the government,
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so to speak, and if it wore advisable, which I doubt, it would certainly be
unfiiir. I think that the essayist proposes to devote too much time to pre-
liminary teaching at the Naval Academy; the result would be that we
should really have to teach more than is now done and would require a
much larger corps of instructors and a largcM' establishment. I think that
the desire(l end may be better attained by raising the standard of admis-
sion, first giving warning to the schools throughout tlie country. The dif-
ferent parts of the country are sufficiently on a par in respect to education
and th(U"e would be no imfairness in so doing. We could then give in
four years the instruction which we now seek to give in tliree, and witli it

more thorough practical instruction. The essayist says that it is not mid-
shipman alone that we wish to train but the cou"imanders of the navy of tlie

future. If that is the case we must devote much time to theoretical in-
struction compared with the practical, for it would be ruinous to depend
upon practice without a scientific basis of knowledges But it should not be
the commanders of the future whom we seek to train at the naval school.
In all other brandies of study the University course is preliminary and
never final. At its close the student goes to the law school, scientific
school, &c. to complete his education. If we could say that it is tlie mid-
shipman alone or rather tlie junior otficer wliora we seek to train at the na-
val school we should make a stride in advance—for we woulil then only
attempt to lay the groundwork for a scientific education and could prepare
him thoroughly to perform the duties of a subordinate officer. I endorse
heartily'tiie proposition for an officer's course, and 1 iiold that wlien a naval
college for officers is established vve shall have found the place to ed-
ucate the commanders of the luture. I agree with the remarks of Comdr.
Maman that all oflicers cannot be expected to go in for special studies and
that it is rot necessary, but I think that the four cardinal points of an of-
ficer's education, gunnery, seamanship, navigation an(l steam should there
be taught so that every officer should possess a thorough general knowl-
edge of those subjects. I must disagree with a point advanced by the P^s-

sayist that every officer should go through a course in Torpedoes,"but that
the course in ordnance should be optional. I think a thorough course in
ordnance should be obligatory and considtsr it far more important than that
in torpedoes. The navy is of little use if it cannot light : guns are given us
to fight with, ships to carry the .guns, machinery to work the guns. The
proper use of every weapon which he may hav6 to fight with is of the
first importance to a fighting man and next comes a knowledge of the
powers of the weapons of his enemy.
With regard to the naval constructors I think the plan proposed is a rath-

er violent one. Up to 1850 our naval constructors were ahead of the whole
world and it is hardly their fault that they are so much behindhand now.
In the first place they never go to sea at all and I do not see how they can
understand all the needs of a ship unless they have been to sea at some
time of their lives. Again they have few opportunities for seeing what
modern men-of-war are, for foreign squadrons rarely visit our own
coasts and the naval constructors never go abroad. It is for these reasons
that the models and internal arrangements of our men-of-war remain as
they were many years ago. A great many plans have been suggested for
raising the standard of professional attainments in that corps but I do not
think they are necessary. The present law provides for the education as
naval constructors of such cadet midshipmen or engineei's as may be rec-
ommended by the Academic Board at the Naval Academy, and I venture to
say that no one would be recommended by them who was not thoroughly
.capable.

In the essay very little is said about the education of the men, and in
the discussion we have drifted still more. Important as is the question of
an officers's education, the bone and sinew of the service must not be ne-
glected. Some tiling has been said ai)<)ut our training ships. Undoubted-
ly they are doing a good work but if we depend entirely upon th(!m to sup-
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ply the wants of the service we may snrldenly realize that our navy is man-
ned by boys. But the boys are now the smallest part of the; enlisted men.
The seven thousand men who are now in the service form the strong partof
the crews and it is for their education that I speak ; no one will say that tiiey

do not need any teaching—on the contrary I am certain that they need a
great deal. This is not the time to suggest a scheme for their teaching, but
no other service neglects it. In the English navy the men are trained to be
gi;nners and thoroughly trained. In the French service the system of edu-
caticm for the men of tiie fleet is as thorough as every thing else in that ser-
vice. Tile boys are taken at an early age, and carried through every stage.
Not only that. On board of every cruiser the men are taught and the system
is so thorough that the same books of study even are used througiiout the
navy. In the Italian service the conscripts are taken on board of Ti gunnery
ship where they find one gun of every class used in the service witli its car-
riage, projectiles, etc.; after three or four months of constant drill they are
sent to the cruising ships and at tlie expiration of a cruise the best men
are picked out and returned to the gunnery ship for a more extended
coni-se of training. I have cited these cases to show how important the
subject is considered in other services, and in the earnest hope tliat more
will be done in our own.
Rear Admiral John Rodgers, (The President.) I think it a duty, but

by no means a pleasant one, to say that having read the Prize Essay of the
Institute, I dissent from many of the views tliere set forth. Few men ex-
cel in moi'e than one profession: jacks-of-all-trades are proverbially su-
preme at none, and each branch of the Navy is too wide in its scope for
the same man to be excellent in each.

Lieut. Collins In the essay a radical reorganization of the navy is

proposed by its writer, who expresses his belief that it will " bring har-
mony to the service and add more to its efficiency than any other system
that could be pursued."

After giving these important subjects such consideration as has been
possible in the very short time allowed since the receipt of the Essay, I

am of the opinion that some of the changes proposed will militate serious-

ly against the efficiency of the service. As for harmony, that is greatly to

be desired; but too much should not be sacrificed in an attempt to secure
it, for, it should be remembered that a harmonious organization is not

of necessity an efficient one.
In any scheme for naval education the aim should be to produce tiie most

efficient officers for the various duties to be performed. The oflicers pro-
vided, the organization of the service should be such as best to direct their

efibrts to the production of an efficient whole.
Harmony will come to the service only with the creation of such an es-

prit de corps as will make every member feel tliat the good of the whole is

the one object for which he should strive.

The essayist proposes that, with the exception of the surgeon, all oflicers

of the navy shall be of one corps; serving in rotation as line officers, engi-

neers, paymasters, and marine officers. The result of this will be, in my opin-

ion, to make our oflicers " Jacks of all trades and good at none."
There is a limit to tiie versatility of the average mind. We have already

united in the line officer the seaman, the navigator, the ordnance oflicer,

the marine artillerist and the soldier. To prepare himself to make even
a respectable figure in these several specialties is a task quite equal to the

abilities of the ordinary man.
As regards marine officers and paymasters, I see no objection to the plan

proposed. The duties of the former would require no additional knowl-
edge on the part of the line officer, and thost; of the latter would be read-

ily learned and (if proper means were taken to provide efficient clerks)

would not be so engrossing as to prevent the oflicers detailed to perform
them from standing his watch also, as would the one detailed to command
the marines.
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These changes are practicable and would result m good. But with the
engineers the case is diflerent. Engineering is a profession by itself. An
otri{;er could not be expected to stand a watcli and perform the duties of an
engineer at the same time. Hence if tlie system were inaugurated it

would result either that we shoulil have specialists in engineering who
would do no other duty, or, if rotation were insisted upon, we should spoil
the line officer only to make an inditlerent ensineer.
In any projected consolidation, therefore, the engineers must be counted

out quite as mueh as the surgeons.
The engineer corps should be kept distinct, but it should be very much re-

duced in numbers (of course without injustice to any one now in it) and
placed on an entirely difierent footing from that which it now occupies. It

should be consolidated with the constructors, and its number should be suf-
ficient to provide the necessary constructors and supervising engineers and
a chief engineer for each vessel in commission, with a relief.

For the pr.-ictical manipulation of the engines a corps of machinists with
the rank of Warrant officers, as suggested"I^^ the essay, simuld be formed.
The plan proposed, for absorbing the engineers now in the service, into

the Line!, even if it were desirable, appears to me to be utterly impracti-
cable. It is out of the question for the Assistant and Passed Assistant En-
gineers now in the service to qualify themselves for the duties of Lieuten-
ants in two years; and to compel them to spend that time in cramming
book seamanship, navigjition, and gunnery in order to pdss a line officer's

ex(trninati07i or be denied promotion as e?igineers could, it appears to me, re-
sult only in their being less efficient in thtai- own specialty without gaining
any really useful, practical knowledge of any other.
Aside from details, however, tlie general scope of the scheme proposed in

the essay is one to which I cannot assent. Beginning with the Naval Cadet
in the proposed course and following him through, at what do we arrive?
At a conipettnt commander, either of a single ship or of a tleet? No. But
at n scientific designer of hulls and €n(/i?tes\ Every thing in the scheme
tends towards the production of a class skilled to" contrive tlie vessel in
which to tight, while the man who is to fight her is almost it'-nored.

Will it be wise to instill into the mind of the future Naval Cadet the idea
that such is to be the great end and aim of Naval training? I think not.
Without in any way underrating the value and importance of such a sci-

entitic corps as is proposed, I am constrained to think that the end and aim
of naval education should be to produce efficient, skillful, daring coiitmand-
ers, for without them the finest producti(!ns of human skill in construction
will avail us nothing.

Lieut. Comdr. BubwN. I think that both Lieut. Collins and our honor-
ed PuESli>KNT (for wliose opinions I have the highest regard) have misap-
prehended the idea which it was my intention'to convey: and it is quite
likely that I have failed to be sufficiently perspicuous. I did not inteml to
propose that officers should serve " i?i rotation as line otlicers, engi-
neers, paymasters and marine officers," nor that a watch officer slioukl al-

ternate from deck to engine room (although the regulations of the navy
provide for such a tiling even now) : this would indeed make a man " every
tiling by turns and nothing long." and would be most fairly open to the
•' j.icli-of-all-trades" criticism to which Comdr. Mahan has already replied,
in bettei- words than I can find. Let me quote from the essiiy itself:

*' Wt! should have the young officer fairly preparc^d for his future du-
ties after a course of preliminary training lasting seven years : lie would
have a thoroughly good foundation upon which to build a.ny speci-
alty to Avhich his natural dispositiu*i inclined him: and while he
would not lose his identity with the Line he could .avail himself «)f

the opportunity ofl'ered to apply himself to further improvement in any
direction he saw fit." Again: "The detailed i)ortion (of the Engineer
Corps) should be line officers who had specially qi/alified for it in tlje post-
graduate courses mentioned hereafter." I meant in these sentences to con-
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vey the idea that a man who was inclined toward Engineering should take
thiit as his specialty (just as officers now take up Ordnance or lIy(U"o-

grnphy as specialties) and be given opportunities not now afforded, lor a
thorough education in its higher brandies: and fi'om tliese officers would
be cliosen the permanent Engineers, " uniting in their corps tlie offices of
designing and construction of vessels as well as of tlie machinery to pro-
pel them," as is stated in the essay, and witli wliich opinion Eieut. Coi.LiNS
expresses his agreement, tliougli he does not propose any plan for obtain-
ing these men in place of the one offered by me.

It does not seem to me that in " the requirements of the ideal Naval of-

ficer" I have lost sight of the purpose of making a " competent command-
er." I think that 1 have eliminated in those requirements all things look-

ing to the designer of the tighLing machine as being the man to command
her when constructed. We must have scientific designers, and 1 tlunk
that a sea experience is necessary for such. In the scheme I iiave outlined

for the education of officers, it seems to me tliat I have provided not only

for the production of such men, but that quite scope enough is_ left, just

as is now the case (only with a better foundation,) for tlie Line officer pure
and simple to devote himself to as near an approach to the ideal require-

ments as is possible inany individual case.

If, Mr. CiiAiKMAN, there is no one else who desires to make any re-

marks, I would request that you give to us your ideas upon the subject

brought forward.
The Chairman. While I think that the main features of the plan pre-

sented in the essay might be carried out with great advantage to the ser-

vice, I may be permitted to occupy your attention for a »hort time with

one point that seems to me to call for revision. This is the j)roposed

method of supplying the vacancies in the three permanent staff' corps, and
especially that of the Engineers, composed of officers above the grade of

Lieutenant. These are to be filled by competitive examination from among
those Line officers who have elected the special duty of Engineer, Tay, or

Marine officers, and who have served two details at sea. it seems to me
that such a scheme would be impracticable, or, at least, attended with

great difficulties in practice. The essential difficulty lies in the irregulari-

ty with which vacancies would occur, the absence of any provision lor

classifying the competitors, and the uncertainty of the times of examina-

tion, of the number and gradation of the possible candidates, and of dis-

turbing intluences resulting from the requirements of the service, hor ex-

ample, a vacancy occurs; twenty candidates appear to compete for it, and

the competitor who passes at the head of the list is promoted. A month
later, a new vacancy occurs, and another examination is helil ; are the nine-

teen competitors who failed before, to be called on to pass at the new exam-
ination P If so. the officers who have passed two details at sea would spend

the rest of their service in examinations, until promotion in the Line exclu-

ded them from further competition. The necessities of the service, how-

ever would prevent many of them from competing the sefunil time, by

removing them to distant points, afloat or ashore. In fact, these contin-

gencies of the service would make it problematical who, among those eli-

gible, could attend any given examination, or even how many competitors

there would be. Even supposing that those unsuccessful at the first examina-

tion were allowed to stand upon their record at that time, in competing lor

a new vacancy, in the meantime new candidates would have come torward

who would have to be examined, and the results of the second examina-

tion would be compared with those of the first, an obviously unlair metll-

od of competition. Unfortunately, there seems to be no way in which any

limits could be fixed, as to time, or number of candidates. Ihe c(.mpeti-

tion is open to a body of men, ever varying in number and composition,

and so detailed for duty in the service as to make it a matter ot chance

who could, and who could not, come forward, at any given time, iliere
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plight be one candidate, or there might be thirty. Snch a pcheme must
inevitably have sorae elements of imfairness as well as confusion.
Another and more vital objection to the proposed organization, relates

especially to the Permanent Engineer Corps. This corps is, in the words
of the Essay, " to be the corps (.ftlite. Tlie scientitic men of the service
should there find their appropriate place. They should he, also, the Con-
structors, uniting in their corps the offices of designing and construction of
vessels as well as the machinery to propel them." Now, I agree with the
writer that this is a most iraportiint corps to have in the Navy ; but are
the means provided by the essay calculated to biing about the end? Have
the officers who are to form this corps Welite any opportunities for qualify-
ing themselves beyond their fellows? They are selected, it is true, by com-
petition; but their education is precisely similar to that of all other officers
detailed as Engmeers. It consists of five years .at the Academy before
graduation, and two years of a post-graduate course, after service at sea,
with perliaps a shorter course in steam at Newport.
The profession of a designer and constructor of ships and engines, is a

special, absorbing, and extensive one—or perhaps it might more properly
be said to include two professions,—and it requires a special, absorbing,
and extensive education, quite distinct from that required to make a good
Engineer in tlie ships of the fleet. The general education, therefore, pro-
posed in the plan, is either far in advance of the requirements ot Engineer
officers in general, or it falls short of what is necessary to make an accom-
plished constructor.

Again, it is extremely desirable, if the Navy is to get the full benefit of
the services of its Constructors, that they should enter upon their profes-
sion early in life. The proposed plan makes this impossible, by requiring,
as a conilition, a service of two details at sea, presumably of three years
each; which would make eight years, including the intermediate shore
service. Supposing that the officer enters the Academy at sixteen, the av-
erage a^e of admission, he graduates at twenty-one. He then J»as two
years of sea-service as a Midshipman, a year more or less at the torpeilo
school, two years as a watch officer, and two years in the post-graduate
course in steam. This, combined with his subsequent service in tlie engi-
neer detail, would make fifteen years of service after graduation ; so that
under the most favorable circumstances, he could not enter into the com-
petition for the permanent corps, before the age of thirty-six ; and in many
cases he Avould be several years older. The elite corps of Constructors
would thus be composed of men. selected at the age of about forty, whose
education liad been in no way ditferent from that of the Engineer- Line-offi-
cers in the service, and who could not know until after liie competitive
examination, that the remainder of their life was to be devoted to this
special profession; while the government would lose their services as
professional Constructors during the most ethcient years of their life.

There is a third point to which I should like to call attention, the duties
assigned toj^^he members of this Permanent Engineer or Construction
corps. I see with some surprise that they are to be sent to sea as Fleet
Engineers, in the lowest grade, for three years, at least, I suppose,—and al-
so to make a three years' cruise in the next higher grade. I should like
to ask Lieutenant-Commander BuowN why it is proposed that these offi-

cers, whose duties are to be those of designing, construction, and the
supervision of repairs, shall go to sea for six years.
Lt.-Comdr. Bkown. That they may by familiarity with the working

of a ship and her engine at sea be the better prepared for their duty as
Constructors. In this opinion I think I am supported by the majority of
the service.

TliL- Chaikman. But how much sea service is necessary to give them
this familiarity?

Lt.-Counlr. Bkown. I should not like to set any limit to it; their service
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constructions.
The Chairman. I quite agree with Lieut.-Commander Bkown that they

should have some experience in a sea-going man-of-war; but with all def-
ei-ence to the opinion of professional men, who are far better qualified to
judge than I am, I submit that there is some limit to the amount of sea-
service necessary for this end. The officers in question have already had
four years afloat as Midshipmen and watch officers, and two details, or six
years, as Engineer officers; making ten years of sea-service, besides prac-
tice cruises, before they compete for the permanent corps. After the com-
petition, they are to spend six years more afloat. If this is the case, where
can they study their profession? They cei-tainly cannot do so at sea.
Lt.-Comdr. Brown. I must say that I cannot agree with the opinion

expressed. I think that a gi*eat deal of studying may be done at sea.
The Chairman. I had always supposed that the conditions of life afloat

were unfavorable for study, whether at sea or in port; particularly for close
special study by an officer performing his regular part in the routine of ship
duties. No doubt much general reading may be done at sea, and much
feneral information gained ; but this is not the kind of study that is needed,
t will not take the place of thorough technical training under competent

instructors. And if this is true of the period before the profession is ac-
tually taken up, it applies much more strongly to the later period.
As to the benefit that is derived from sending Constructors to sea, I confess

that my opinions are of no value in the matter : but I should think that ten
years passed afloat would be enough to give the necessary familiarity with
the working and behavior of ships at sea, and that any further time that
could be spared from actual duties would be better spent in repair shops.
If I am not mistaken, the French Constructors, or Ingenieurs, as they are
called, only go to sea for six months in the squadron of evolutions. The
English constructors are not naval officers at all, but civil officers; and
though there is a provision in their regulations that they may be sent to sea
for a year after their course of instruction is finished, it is rarely or never
cai'ried out.

I think that a simple remedy for the difficulties I have endeavored to

point out in the plan, might be found in a slight modification of certain de-
tails. It is proposed in the essay that all officers who elect the Engineer de-
tail should pursue a course of two yeai's in steam and naval architecture at

the Naval Academy, after their term of service a£ watch officers. I should
think that one year in this course would be enough to make conipetent En-
gineer officers ; for it must be remembered, that this is in addition to the
five years' course at the Academy, whose graduates are to have the same
standard of proficiency that Cadet-Engineers now attain. At the end of this

year of post-graduate instruction, the officers will pass out in the Engineer-
detail, and perform the duties of Engineer officers in the fleet. Let the best

man in each year, however,—or the two best, or three best men, as the service

may require,—be reserved for a further course as students of Naval Arch-
itecture and Engine construction. If it is desirable to have specialists in

each branch, let the officer who passes at the head of the list, in each year,

elect which of the two branches he will follow; and let number two take

the other. Their advanced course of two years should Include the highest

mathematics and applied mechanics, and work in the physical and chemi-
cal laboratories, in addition to the fullest possible coui-se in the strictly pro-

fessional subjects. The summers should be spent at the Navy Yards, or

anywhere where they can best get practical instruction ; and even then they

would get far too little. At the end of the three years of post-graduate in-

struction, let them be promoted at once into the permanent corps of Con-
structors or Constructing Engineers, where their duties should be those of

Constructors, Designing Engineers, and Draughtsmen, at the Department
and at the Yards ; but not for any service afloat ; for they would already have

had four years at sea. It seems to me that such a plan would present many
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advantages. The Constructors would take up their profession at the age of
twenty-eight instead of at forty. They would have received, at least, a high
theoretical education for their profession, and some means might be devised
for supplying their practical wants. They would be selected by competition
as truly as under the other plan, but it would be a competition with well-
detined limits and conditions. JbVom the mode of selection, they would be
eminently worthy of admission to the corps d'elite of the Navy ; and they
would get a tangible and prompt reward in the promotion that lollowed their

eflbrts.

A system in many respects similar is now pursued with the best results,

in the English service, though, of course, there is no amalgamation of the
Staff Corps with the Line. Constructors and Designing Engineers are se-

lected respectively from two classes of students, shipwright apprentices,
and Engineer Students ; and Irom the latter are recruited also all the En-
gineer officers. Both classes of students are originally selected by open
competition, and both begin their training in the dockyards, receiving prac-
tical instruction in the shops, and a good course in mathematics at the dock-
yard schools. At the end of live years, three of the shipwrigbt apprentices
are selected by competitive examination, to be educated for Naval Archi-
tects. The successtul competitors are sent to Greenwich, where they pass
through a three years' course of the highest character; and at its close they
receive immediate employment as Constructors or Draughtsmen, at the Ad-
miralty or in the Dockyards. The Engineer Students, alter six years in the

yards, are all sent to Greenwich for a single year, at the end of which, two
of them are selected by competitive examination, to be educated for Design-
ing and Constructing Engineers. The rest pass into the Engineer corps of
the Navy, and are sent immediately to sea as Assistant Engineers. The
additional course for the successful competitors is two years, and at its

close they enter upon duties similar to those of the construction students,

but in their own special field. In all courses not strictly professional, the

students of naval architecture and marine engineering are united, the num-
ber of students being always five in each of the last two years : but in the
studies directly pertaining to their profession, they receive separate instruc-

tion. Their instructors are officials, attached to the construction depart-

ment of the Admiralty, and are men of tlie highest professional attainments

;

the problems given them in ship and engine design are questions of the day,

upon which the Constructors of the Navy are at work at the moment; and
the work that they perform as students not only contains much that they
will actually use in their future career, but often gives valuable sugges-
tions to their instructors.

Such a plan as this, which must certainly give competent Constructors,

provided always that the needful workshop experience is given them, seems
to be susceptible of application either to the Navy as it exists, or to such a re-

organized iS avy as that which the essay proposes.
JLieut.-Comdr. Bkown. 1 will endeavor to reply as concisely as I can to

some of the points raised by the gentlemen who have preceded me, for I

can not hope to reply fully or satislactorily, to the objections which have
been so ably urged against some of the details of the essay ; I am glad to

observe that, as a rule, those who have spoken are in favor of the princi-

ples which 1 have advanced : as to details we cannot expect unanimity of
opinion.
With regard to the Pay Corps it does not seem to me to be a matter of

great ditliculty to carry out the ideas I have advanced. 1 neglected to state

m the essay that the article quoted from tlie " Army and Navy Gazette "

was written by a Taymaster. In further support of my position, I quote as

follows from the same paper of the date of March 1, 1879; this letter is also

written by a member of the Pay corps.
" 1 am quite of the opinion of one of your correspondents that paymas-

ters, as a special class, should be abolished and combatant officers employed
instead. Sub-lieutenants and lieutenants should be invited to qualify for
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paymaster's duties; a school of instruction could be established, and afte\
a course, say of six months, the officers under instruction sljould be exam-
ined : if found lit, they would become eligilile for appointment as sub-
lieutenants or lieutenants, for paymaster's duties. It sliouki be distinctly
laid down that the fact of officers being qualified for paymasters' duties
should not interfere with their prospects of promotion, and the same of-
ficer should never be employed successively for two commissions as lieu-
tenant for paymaster's duties except at his own request, and even then,
before being so employed, he should be obliged to go through a short course
of gunnery. By the above means the Navy~w6uld have trained othcers do-
ing paymasters' duties who would be able, should occasion require, to take
military command. *********
A very large number of the paymasters, assistant paymasters, &c., at pres-

ent on the list, would to my own knowledge, be very pleased to quit the ser-
vice if they .were permitted to do so and a liberal retirement scheme is-

sued. Of the remainder, those under thirty that desired it should be al-

lowed to qualify in seamanship, gunnery and navigation, and transferred to
the lieutenant's list, and tliosi; that do not wish so to pass should be still

emi)loyed as paymasters till the class died out. Such is a rough draft of
my scheme. It is, in my humble opinion, the only way there is of taking
a step in the direction, and one that is so much now needed, viz.: to pro-
vide combatant for non-combatant officers."

In an editorial article in the same paper, I find it stated that " the amal-
gamation of the paymaster's branch with the executive has often been
advocated in these columns." I would like here to call attention to the
fact that by executive in this connection is meant the branch known to us as
the line : 1 do this because I have heard it stated that my idea was to place
upon the shoulders of the executive officer in our service the additional du-
ties of paymaster ; nothing Avas certainly farther from my intention. I deem
it a matter of importance and directly in the line of his duty, that a com-
manding officer shoukl understand the subject of the accounts of his ship's

company; and the time spent by the lieutenant detailed f^r this duty
would be preparing him in this regard directly for the command which
he hopes to have in the future : certainly as much as his serving a term as
an instructor at the Naval Academy, in (let us say) the department of Eng-
lish studies or modern languages. Besides, I do not intend that he shall

make two successive cruises as paymaster.
For several years it has been the habit of the Paymaster General in his

annual report to recommend that appointments to the Fay corps shoulil be
from the graduates of the Naval Academy; and it is, after all, it seems to

me, merely a question of methods. My object is to enhance the fighting

power of the personnel of a vessel. In my own knowledge there is an in-

stance of at least one commanding officer's performing the duties of pa}'-

master of his vessel (in the coast survey) for over three years, to the satis-

faction of the Treasury and Navy Departments. Our Light House Inspect-

ors are charged with the disbursement of tolerably large sums of money
and have always, so far as I know, given entire satisfaction. And I am
informed by reliable authority that the Secretary of the Treasury has

recommended that still more money be placed under their control, in

order that they may pay the light keepers, in addition to the other pay-

ments with which they are at present charged. The Engineer Corps of

the Army also disburse large sums of money, and have given entire satis-

faction so far as I know. None of those officers to whom I have alluded

as disbursing the public money are obliged to give bonds. [Indeed, if I am
correctly intormed, the giving of bonds by the pay corps of the English na-

vy has been dispensed with.] In view of all these facts there would seem
to be no valid reason why tlie same class of men who handle money in the

service of the Light House Board, should not do the same on board of ves-

sels of war.
*

, , 1.

So far as regards the entire duty of the pay corps bemg done by the Ime,
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I am inclined to think that the scheme which I have presented is prefer-
able, for the i-eason that it is better to have permanent officers to till the
positions to which it was my intention they should be assigned : namely,
those of purchasing and disbursing officers, inspectors of provisions and
clothing, and paymasters at Navy Yards, Naval Academy and Naval
Asylum. All ship duty (including receiving ship and storekeeper duty)
could readily be performed by detailed lieutenants; and if it ever be-
came necessary to have additional officers for temporary pay duty on shore
they could easily be supplied from the lieutenant's list.

As I have stated in the essay. I have not attempted to elaborate any
scheme for the post-graduate course to be pui'sued by the officers who select
the engineering branch. As to the objection that in order to be a success-
ful engineer or a successful anything a man must be a specialist, I reply
that practically in the navy we do not find such men ; that is, men who
devote their entire time to one particular branch of their profession. That
the education which is now received at the Naval Academy is deemed
sufficient to qualify the present Engineer Corps for the performance of
their duties, is I think sufficiently shown by the graduated cadet engineers.
I have never heard that these young gentlemen are not competent^to per-
form their duties, and the fact that a number of them (who passed through
only a two years' course) have been promoted to assistant engineers within
less than four years from their entry at Annapolis, would seem to bear me
out in this assei-tion. As by my plan all the midshipmen would have the
same education as that given cadet engineers now, I think that the result
would be that we should have a comparatively large number of officers
who could be detailed for engineer's duty on board ship, while the per-
manent engineer corps would be recruited from men who had passed higii
in the courses in Naval Architecture etc., and who would, with the best
men of the present corps, be practically the only ones who could compete
for these permanent places. The competitive examination for a commis-
sion would of course result in but one man's obtaining the prize ; should
another vacancy render a second competition necessary, those men who
had formerly appeared could either appear again or could stand upon the
record made by them at their first examination. This is practically done in
the examination of Assistant Surgeons and Engineers whose relative posi-
tions are not assigned until all the date have been examined, and these
examinations often extend over many months. It does not seem to me
that the time devoted by a Line officer to Engineering will be any less hin-
drance to his efficiency, than a similar amount of time devoted to Ord-
nance.

If I understand the idea advanced by the Chairman (and I am very sui'e
that all will admit that the peculiar advantages which he has enjoyed for a
study of the subject of the essay entitle his opinion to very great weight),
the Engineer corps for duty as such at sea Avould be practically abolished,
and its duties relegated to detailed officers of the line; while the duties of
designing .and construction would be performed by the permanent men,
who no longer went to sea; this would of course necessitate a lessening of
the number proposed for the corps. While I think that the scheme which
I originally outlined gives a sufficient scope to the Engineer officer (as it
does to the Ordn.ance officer) yet I am on the whole inclined to think that
the ideas of the Chairman are better than those advanced by me : and I am
quite willing to accept them in lieu of the plan st.ated in the essay, chiefly for
the reason that it would settle the final destination of an ofiicer more
quickly than under my plan, which must be .acknowledged to be a very im-
portant point; besides, there would really be still more of a selection for
the permanent men than by my own scheme. (This earlier separation has
also been spoken of by Mr. Manning.) I still think, however, and I be-
lieve that the majority of the officers in the service will agree with me,
that these men ought to go to sea, let us s.ay .as fleet engineers, while in the
grade of lieutenant commander ; for I cannot but attach much importance
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to sea experience (and that of a recent character) as being of great service
to thfm in tlieir duties on shore.
With regard to the method which I proposed for the amalgamation of the

junior branches of the Engineer corps with the line, I offiM-ed it with a great
deal of liesitation, and merely as being some solution of the question, teel-

ing tolerably sure that it would be likely to meet the fate (which it has
met) of not being agreeable to any of the parties concerned. It will be
seen that my belief was not ill founded, for I have been liberally thwacked
on both shoulders; so, perhaps, it would be well for me to let the matter
pass with the statement that it was my object to merely indicate a way in
which the proposed change in the state of the corps miyht be brought al)out

at a comparatively early day, and thus the homogeneousness of the service
hastened. No doubt other and better schemes might be devised if it were
thought desirable to make the attempt.
My desire was to make the engineer corps, what it is not now, (ht corps

of the Navy; and 1 am perfectly willing to submit to the judgment of the En-
gineers themselves whether it can ever be such under the present system,
whereby we are graduating some twenty or more young men each year,
the great majority of whom do not (as a rule) care paiticulai'ly for their

profession, and whose standard (as has been shown pretty conclusively by
figures, not however intended to serve this purpose) is but little, if any,
higher than that of the cadet mi<ishipmen. We cannot have a body of
more than two hundred and seventy (nearly one fifth of the entire service)
as a highly scientific corps: to be such it must be small in numbers and not
large.
So far as regards a change in the present system being desirable. I would

quote the following from the report of the late Superintendent of the
Naval Academy, the same report alluded to in the essay. *' It is my care-
fully considered belief, that any lad of even less than average ability, can
complete successfully the course of studies here, if he will study faithfully

and diligently. Those of more brilliant capacity, can attain the same re-

sult, with a very moderate amount of study. To take honors at the school,
requires both capacitjr and hard work.

It is sometimes claimed that the course here is too severe, and I venture
to give it as my opinion that such is not the case, and I think that if the
demands of the course were largely decreased, we should liave no more
graduates. As the demand deci'eased, the eff^orts of the student would di-
minisli; for it is now not the love of learni7ig, but the fear of failure, which
prompts the majority to exertion ; and with the larger number the effort is to

do as little itistead of as much as possible.''''

In pursuit of. the same line of thought, an ofiBcer remarked to me the
other day that " there must be something wrong in a system in which edu-
cation was so little attractive for its own sake, that most people rejoiced

featly when they graduated from the Naval Academy ". Following this up
have conversed with some of the cadets of the first class, and I

find that the general feeling in the school at present seems to be, that
the tenure of ofiice being secure so long as the minimum mark of 2.5 is

reached, there is no special incentive to study and that the very great major-
ity of each class ai-e quite sati'^fied to graduate, without any special regard to

their standing. There are always a few men at the top of each class who
struggle among themselves for class numbers, but beyond these emulation
does not (as a rule) extend. As to the existence of a general apathy
among the cadets, 1 am quite sure that every instructor here will agree
with me; but I believe that under the plan I have sketched there would be
but little of this; during the first two years each youngster would be
struggling for a place among the fortunate ones who were to become Mid-
shipmen : and habits of study thus formed would be carried i)y the success-
ful ones into the higher classes, and the general results being far better

than those under the system at present pursued, there would be, as I have
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stated, an opportunity to pursue higher courses than those now reqnii'ed,
and thus the general standard of the school elevated.

I. cannot think that a plan similar to that pursued in the Army, with re-
gard to the corps to whicii the graduates are assigned immediately after re-
ceiving their diplomas, would produce as good results as that which I have
presented (especially as modified according to the scheme of the Chaikman)
and the current of opinion in the Army itself seems to be quite in favor
of details from the line and therefore adverse to this present system: I
think moreover, that it would not tend to the point which is so desirable,
unity, and with it increased efficiency.
With regard to competitive examinations, while I to some extent agree

with what has been said, yet it must be remembered that a good many of the
cadet midshipmen obtained their appointments through competition, as it

is quite a common thing for a Member of Congress to ofler the appoint-
ment in his gift in this way. If the plan which I have submitted should
ever be followed it would give to a Member one appointment during each
of his terms of office, and would thus open three chances for an honorable
career to all the boys in his district, where now but one is offered, and tliat

not always, as, in probably the majority of cases, the appointee is selected
by the Member.
As to the matter of a second course at the torpedo school I am quite at

one with tiie gentleman who has proposed it; I think it would be a very
desirable thing.
So far as raising the standard of admission is concerned, I think that a

glance at the examples of ill preparation given in a work entitled " His-
tory of the Naval Academy ", written by the Chairman, would show that
the schools of the country could not well respond to any demand for^ in-
creased advancement in study preparatory to entrance to the School.
With regard to the matter of educating specialists among the men, it is

my idea that a sufficient number for the necessary supply of seaman gun-
ners can be retained and educated as such on board the apprentice ships:
and if it should be desired to instruct them further in details of magazine
work it could readily be done. I have known of an instance where the gun-
ner's gang of a vessel overhauled and prepared in the magazine and shell
house, the entire supply of ammunition, work which is ordinarily perform-
ed (I believe) by skilled civilian workmen. With regard to the education
of the men in the Italian service, I would call to mind a remark quoted by
Captain Luce in a paper read before the Institute in 1874, wherein he
states in substance, that the commanding officer of an Italian vessel said
that " his men were not topmen;" now I do not think that we have yet got
to the place where we can afford to dispense with topmen ; we want them.
As to the matter of a compulsory post-graduate course in ordnance, I

differ from Lt. Soley : it does not seem to me to be necessary, unless an of-

ficer is going to make that a special object of study. I am not well ac-

quainted with the course in Gunnery at the Naval Academy, but I should
suppose that it would be difficult to keep the text book up to the latest

date. I believe, however, that a good foundation is laid, and that if the Bu-
reau of Ordnance would send its circulars to all officers, it would tend
to ke(fp them sufficiently up in that branch, for the ordinary duties of
their profession. I think a voluntary course, as provided for in the essay,

is quite enough.
There is one criticism which I have heard made upon the essay to which

(though it has not been made to night) I deem it proper to allude; ;ind that

is that there is too much reorganization about it. I believe that a mere
cursory glance at the subject will lead to tiiat opinion; but I also believe
that a more mature consideration of the matter will lead to the removal
of that opinion, and that it will be seen that the question of education nec-
essarily and perforce involves the other. It is, perliaps, unfortunate that
such is the case, but in writing the essay I was forced r:ither unwillingly in-

to that belief. Accordingly I endeavored to present a scheme for reorgan-
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ization as neai-ly entii-e as possible ; which involved the subject of the
numbers of the permanent officers in the dift'erent corps ; and these num-
bers were given with a view not only to showing in what way I
considered that tlie duties should be divided, but also to pointing out the
character of the positions which a line officer might expect to attain, if he
should leave the line, for some other corps.

I have never had the assurance to imagine that the schemes which I
have outlined are the best that can be desired. I am sure that there are
many more officers than those who have spoken to night who could bring
forward ideas more matui'ed and more susceptible of practical application,
if they would but do so. If, however, the efforts which I have made in
this direction have succeeded in bringing out the opinions of others, and
if in any slight degree the ultimate efficiency of the Navy of which we are
all proud to be members is promoted, I shall feel that the object of my la-

bors has been fully attained.
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Mr. President and Gentlemen of the Institute :

The limits of this paper on the Environment of the Man of the Sea,

will permit me to touch upon a very few of the many subdivisions of

the subject, of which it should treat. To make a brief statement of

facts, to expose manifest errors, possibly to attack a prejudice, or to ex-

press an opinion without perhaps saying anything new, is all I can

hope to do.

The term Man of the Sea, whom it is the purpose of this paper to

consider in his conditions of place and surroundings, has been selected

because it describes and indicates that a large minority of those who

pass the active part of their lives upon the sea do not enjoy the mas-

tery of the craft of the sailor, nor do their duties or professions contin-

ually call them to the deck to take a part in the labors which involve

the conduct of the ship. The profession of a seaman, as this generic

term is employed to indicate the accomplishments of those who manage

and work the ship, as has been said, gives but a portion of the strength

of the ship. The term Mariner commonly designates, in addition to

those who are sailors, all those who are employed in vessels cruising in

salt water, coast or otherwise, and are in varied degrees familiar with

the craft and profession of the sailor. The term seaman is moreover

that used in the Revised Statutes in designating all who go to sea.

The arguments and statements which I propose to present may not

be new to many. I shall seek to show in dealing with the physical

and moral environment of the Man of the Sea, that his highest condi-
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tion in these respects will have been achieved, when all the destroying

influences and preventable diseases no more shall invade his habita-

tion ; when light and air shall become so abundant in his eating and

sleeping apartments as to enable hira to perform those functions of an-

imal life, with all the comfort which our civilization demands ; when
it shall be no longer believed that the demoralizing influence of alco-

holic indulgence is the secret nursery for sailors, and that " without

rum we would have no sailors" ; and finally, when a man, who ex-

pends his bone and muscle in a ship at sea, shall not, accidents except-

ed, live with the belief that his life will be in the slightest degree

abridged. On the other hand, under a more enlightened care for this

environment the average life of the Man of the Sea, may have years

added to its length.

In view of such considerations as to the character of a nautical pro-

fession, I shall for the sake of brevity in referring to the Man of the

Sea, include every individual under the common name of seaman, with-

out intending to imply that all these are skilled in the craft of those

who are trained and classed under this generic name in the Navy.

The study of the environment of seamen in this paper is no more

than an abstract of some of the Coordinate sciences composing that of

Naval Hygiene. Deductions will be made from exact methods as much
as possible, and from absolute or conventional laws. In short, the

study will be but an application to the seaman of the science of Hy-
giene, which for the first time in our own country has been recently ac-

corded a high and honorable position in the councils of state.

A minute description of those quantities and elements by which the

seaman is environed, would be impossible in all those relations involv-

ing his health, and but a few will be attempted. We must be pre-

pared at all times to antagonize these elements of disease as they ap-

pear in, or about a ship, in their hydra-headed enormity. Upon our

skill in promptly recognizing these causes of disease and death, which

may beset our lives at every turn, and from which we will not escape

without a struggle involving all our powers of study and reflection,

will depend our ability to meet and overcome a persistent foe.

In these efiorts most valuable assistance can be expected from the

methods of modern investigators. The accuracy of the microscope, or

of the delicate thermometers now in use, and the precision of chemical

quantities, all will give us, in competent hands, much in addition to

what they have already done. Compared with such information, opin-

ions simply, are worthless and should be disregarded. Not that sound
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opinions which are the fruits of a lifetime in the service, are vahieless,

only that these, as well as others must bear the test of instruments of

precision, and the ordeal of tabular statement whenever numbers can

be introduced.

To elucidate this subject in all of its details, as it would be treated

under the science of Naval Hygiene, the following are some of the

subjects which would be elaborately examined and discussed, viz.,

The materials entering into the construction of the ship. Its outfit of

naval stores and provisions. The character of the cargo : whether of

passengers, live animals, dead bodies, in transit, or materials liable to

spontaneous combustion. The keelsons of the ship and their depend-

encies: in stowage of cargo, arrangement and use of pumps, store

rooms, coal bunkers &c. Prisons and their inmates. The berth deck,

and all the apartments opening upon it, including such matters as air

space and ventilation, to be accorded to each person living between

decks, or may be entitled to his personal space there. The charge of

the sick and their quarters. The recommendation of change of duties

among the men when demanded by certain physiological and path-

ological changes. Suggestions of caution where men are exposed

unnecessarily in performing duties which would endanger their lives

or health. All the details of examination in enlisting men or boys

for the service, in collecting statistics and in making reports of the

same, seeking to eoriect the habits and morals of men, where in

these respects their health may be endangered. To improve the con-

dition, as occasion demands, of those employed in working and manoeu-

vring the ship, as well as those employed in its interior ; of those par-

ticularly, whose duties demand continual exposure to high tempera-

tures in addition, perhaps, to the direct rays of the sun. To vigilantly

observe the appointments made for all in their sleeping arrangements,

so that each shall have a sufficient amount of air space, that his bed-

ding is clean and dry, that his mattress cover is changed weekly, and

that he shall not sleep on the deck. That the clothing is clean and of

good quality and suited to the climate. That men shall at all times

keep their skins clean, and when the temperature is below 50° Fab.,

that suitable shelter and warm water shall be provided for the purpose.

To seek to correct all carelessness of person and habit. To carefully

collect and compile all nautical influences of environment, particular-

ly as to the character of the atmosphere both within and without the

ship, in its thermometric and hygrometric character. To protest

against overcrowding. To interpose barriers against infection and
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contagion, and to adopt measures to destroy them, if the ship should

be invaded. To study the best and most perfect means of ventilating,

lighting, and cleaning the ship, adapted to all climates and temper-

atures, at sea and in port. To oppose excessive currents of air, and

excessive introduction of water into the ship at any one time, under

the erroneous idea that such abundance paroxysmally supplied, is

necessary to preserve the health. To study adaptations, and the rela-

tive physiological effects of the duties performed in a sailing ship,

compared witi) those in a steamer. A ship with guns or a ship with-

out guns, and the effects of drill at the guns, and on the yards. All

the external influences of heat, light, and electricity. The physiolog-

ical and pathological effects of climatic changes, either on account of

changes of latitude or sudden oscillations of temperature. The influ-

ences of the land and the influences of the sea. The physiological

effects of the sea water at different temperatures upon the animal func-

tions. The distance at sea to which the influence of the land, in some

parts of the world, extends in its hygrometric and electrical power. The
hygienic precautions to be taken to resist the effects of an extreme cli-

mate: in a hot climate, regarding refrigeration, renewal of air, bathing

and drinking: in a cold climate, to study the best means to resist the

excess, and, at the same time, preserve the hygienic condition of the

ship. To observe the character and quantity of food, the manner of

cooking it, and seeking to improve it in any respect, The quality

and quantity of fresh water for drinking and sanitary purposes, par-

ticularly as to its source and composition, and manner of storing it.

If from river, spring, or surface drainage, steadily bearing in mind

that from this source the majority of diseases arise in hot climates.

If the water is distilled examine it frequently, and seek to have its

production, in this way, at sufficiently long intervals to insure its

aeration and potability. To express a liberal and fair opinion upon

the vexed question of the character of drinks in hot weather, influ-

enced by the light of physiological and pathological experience. The
quantity, quality, variety and preservation of the sea ration. The
change of alimentations and introduction of condiments. The change

experienced in the functions of animal life upon arriving in port, and

whether its apparent effects are injurious. And finally, not the least

of all, the Regime of Moral Influences, considering the special con-

ditions to which a seaman in the Navy is subjected. Also the Regime
of discipline in all of its phases for good or for evil during the long

and trying ordeal of a three years' cruise in the Navy.
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The above points in a systematic work would be elaborated in detail.

In this paper I can discuss but a few points touching the intimate

physical and moral environment of the seamen, in regard to those sur-

roundings which are so actually interwoven in their lives, that not on-

ly may health be affected and life shortened, but the habits, character,

morals, bearing, and intelligence are surely moulded and iuflueuced for

good or evil, by these insiduous causes.

I shall select from this vast range of subjects in Naval Hygiene,

the following, because they are most closely connected with, and most

closely do environ the life of the seaman. 1st. The air he breathes.

2nd. The sweet and bitter water daily bestowed and appropriated for

his use. 3rd. The comforts and conveniences which are arranged and

dedicated to his retirement, repose, and sleep, and the varied influences

affecting his character.

Life is a process which is marked by comparatively rapid change.

As it is exhibited in animal existence, it is influenced in untold and

inscrutable ways by its immediate surroundings. During its manifest-

ation in this body, it is purely an existence of relation. It is, accord-

ing to the definition of Herbert Spencer, which is perhaps the most

complete, "The continuous adjustment of internal relations to exter-

nal relations."

The most important environment with which mankind is continuous-

ly connected on shore and afloat, sleeping and waking, is that of Air.

The study of this gas, by which all vital action is maintained and the

temperature of our body is preserved, is a most extensive one. It is

one of those influences, in the complexity of causes, which, if impure,

affects the health and produces disease in the maritime profession.

We have always, however, to congratulate ourselves that the at-

mosphere of the sea upon mankind, may be considered generally

more conducive to health than disease. This refers to the " blue wa-

ter" seaman. The air is more pure on the sea than on the land. The

saline particles which are held in suspension near the surface of the

ocean, by the action of the mildest breeze, are taken into the lungs at

each inspiration without injury, and in ordinary hygrometric condi-

tions of the air, with advantage. But the saturation of the air by

water, plays a part in the production of disease, generally injuriously

affecting the health of seamen, which it is one of the objects of this

paper to consider further on. In a paper which I wrote on " Ventila-

tion in Ships of War", published by the Bureau of Medicine and Sur-

gery in 1874, it is stated
—" While a ship may be cruising in a lati-
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tude or locality of notably pure atmosphere, or at anchor in a health-

ful port, we etnteud, that unless the temperature is low or changes

sudden with a humid atmosphere, the environment for this ship is par-

ticularly good for the preservation of health. The approaches are un-

obstructed, and pure air comes from every direction."

In the movement and physical properties of the air there are a few

points worth observing. The direct influence of the irregular or diur-

nal movement of the barometer upon the human economy, at the sea

level, is not worth considering. Such barometrical changes indicating

certain meteorological disturbances are of interest in hydrographical

medicine. The animal economy is capable of accommodating itself

to wide barometric changes, attended with some temporary inconven-

ience. Such effects are experienced in the transit of a few hours by

rail in Peru, So. America, from the sea coast to the summit of the An-
des of seventeen or eighteen thousand feet. Climatic differences here

fihown by daily comparison between the sea level and this great alti-

tude, only a hundred miles asunder, exhibit contrasts worthy of fur-

ther study, but have no particular connection with the present paper.

Although the seaman has no occasion to visit such regions, aside

from curiosity, yet it is within the scope of this paper to introduce

some facts showing the effect of this change iu the physical condition

of the air, upon the human economy and the relation of cause and
effect arising from a special environment.

The native Indians of Peru are not peculiar, when we consider their

acquired physical peculiarities, in selecting the high mountain regions

for their homes, and seldom or never leaving them. They are born

with an acclimation, so to speak, which is imposed upon any one who
for the first time ascends these great altitudes. Such temporary dis-

turbances are relieved by descending, but are serious and sometimes

fatal if the cause remains operative. Under such circumstances the

pressure of the air and consequent quantity of oxygen is reduced, and
the number of respirations is increased, iu order to obtain the amount
of air necessary to carry on the functions of life. This increased ef-

fort at respiration is usually accompanied with faintuess, nausea, and

vomiting. More severe symptoms, such as hemorrhage^, forbid a high-

er ascent.

Once accustomed to these altitudes the functions are easily per-

formed, the digestion is easy and the appetite increases. Instead of

fatigue, long journeys are made with the greatest ease. The passions

and sensations are active, but the functions of respiration and circula-



413

tion accommodate themselves to these altitudes by obliging a decided

morphological change in the individual. The measurement of the

girth of the chest, during a residence of two years, I have known in-

creased four inches in consequence of this increased demand for air.

The average girth of the native mountain Peruvian, as determined by

many measurements made for me at Yauliyacu, an altitude of sixteen

thousand feet, by Mr. S. W. North, Civil Engineer, is remarkable

when we consider the stature. The average age, as near as could be

approximated, was twenty years. The average height was five feet

two inches and the girth of the chest was thirty-five inches. There

was one boy with a chest measurement of thirty-six inches who was but

fourteen years old and four feet ten inches high. No less surely and

insidiously do the physical changes of the outside air operate upon

the life in the ship, and on it.

The injurious effect of various kinds of winds upon the vitality, de-

pends entirely upon the rate at which they blow, whether excessively

hot or cold, or whether excessively dry or wet. In fact the pernicious

effect of any meteorological peculiarities of the atmosphere depends up-

on its excesses. In the rapid or sudden evaporation which occurs when

the body is covered with wet clothing or perspiration, and is exposed

to wind, the danger of a subsequent inflammatory disease is in direct

proportion to the lowness of temperature and strength of the wind.

These results, in the form of pneumonia, pleuritis or rheumatism of an

acute character, are well known to all. On board ship they are mat-

ters of almost daily occurrence from various kinds of exposure.

As is well known from common observation, whether a wind is dry

or wet depends upon whether it comes from the land or the sea. The

amount of moisture, if from over the sea, usually depends upon its tem-

perature. An atmosphere thus saturated at an elevated temperature

and cooled down by a sudden change of wind to a lower temperature,

places those exposed in the greatest danger, and some of its results are

quickly apparent in the diseases following. Warm winds, and as they

are usually at sea, moist winds, are not attended with so much imme-

diate danger. Their effect is depressing and continuous. The free

evaporation is restrained, breathing is more difiicult and less oxygen

is contained in the same volume of air. While hot winds from the sea

contain this abundance of water, the hot winds coming from the land

have, perhaps in place of water, the fungoid elements, pollen, animal-

culse, sand, and whatever the land produces which can be carried in

the air. Under these circumstances the skin is hot and dry and the
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thirst excessive. The east winds which occasionally prevail on the

west coast of Chili and Peru cause, as I have witnessed, the extraord-

inary phenomena of a difference of twenty-five degrees between the dry

and wet bulb thermometers. These observations were made by Lieut.

S. W. Very, who, I may say, is celebrated for accuracy in such matters.

That winds can transport the morbific germs of disease and deposit

them in their paths there can be no doubt. Such facts have been

gathered in abundance, and formulated by science. The emanations

from marshes are well known to be carried long distances by the winds.

The germs of yellow fever, cholera, enteric fever, and, in fact, any dis-

ease, which is communicated by a specific poison, may be carried in

the same way. Observations are not extensive nor accurate enough to

determine the meteorological conditions under which epidemic influ-

ences prevail. Each epidemic disease seems to require something

peculiar. While, for instance, yellow fever never prevails unless a

certain high temperature is reached, cholera, small pox and typhus

fever prevail at a much lower temperature.

All of these influences, which are carried by the air in its varied

physical characters, bear directly and peculiarly upon the seamen.

No life is so exposed to climatic changes. In addition to exposure in

one locality, the home of the seaman passes quickly from one latitude

to another. The intense cold of a high latitude is thus chained in a

few days to one beneath the direct rays of the sun. Or the reverse of

this, so that if a protection is not secured to correspond with these

oscillations of temperature and climate, disease and suffering must

follow. The education required to enable one to observe those details

by which the health of a seaman is preserved, can only be acquired

by experience. If rules could be written they would be worth buying

at any price. Daily and hourly precautions are often necessary, in

eating, drinking, sleeping, waking, working, conversation, dressing,

washing, and in exposure in a thousand ways, the rules for which

would not be heeded, nor remembered if heard, and only too often are

taught by bitter experience.

In addition to the above physical changes, the air undergoes modifi-

cations in its gaseous constituents. These are quite numerous, and

while some are accidental others are constant. Under varied un-

healthful conditions where animal or putrescent matters are found, we
have the evolution of carburetted, sulphuretted, or phosphoretted hy-

drogen. Ammoniacal gas is at all times disengaged in a ship, but

more particularly, if certain vegetable matter is suffered to decom-
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pose, which may compose the fresh provisions of the ship, like cab-

bages or potatoes. All of these emanations have a direct influence in

producing grave diseases of the eyes, throat, lungs and skin. We are

further informed by such pathological evidence that there is a source

of disease which demands immediate attention, if before unobserved.

No modification of the gaseous constituents of the air interests us so

much as that of Carbonic acid. After the general statements here

made regarding the effects of winds upon the human economy, and

which are the deductions of a life time, it will be a relief to the skepti-

cal regarding such rational conclusions, to turn to more exact methods

for measuring the causes of disease. Fortunately for us, while we rec-

ognize in carbonic acid gas, as a product of respiration, combustion,

and secretion, in conjunction with water suspended in the air, one of

the most formidable of the environments which antagonize the life of

the seaman, gradually overcoming it by the slow approaches of subtle

disease, we are in possession of means of measuring the amount, not on-

ly of carbonic acid with the utmost precision ; but the humidity of the

air is measured down to minute fractions. The very facility and ex-

treme accuracy with which these measurements are made, hold up to

us the brightest promise, that our exact knowledge of the existence of

these conditions of disease, will lead us to combat the circumstances

necessary for their production and positive abatement.

The Bureau of Medicine and Surgery is already in possession of a

mass of statistical information regarding the amount of carbonic acid

found on board ship, as well as the hygrometry of its different parts

under different circumstances, which have never before been collected.

The ofiicers in our navy have been among the first to systematize the

labor of this field. The first published report of this work done with

a view of determining the amount of carbonic acid in the ship, was

made during my tour of duty as Fleet Surgeon of the South Pacific

Fleet in November, 1874, by order of the late Rear Admiral Collins.

The chemical examinations were made by Lieut. J. F. Meigs, and As-

sistant Surgeon Howard Smith, U.S.N. These officers purchased

their own anemometers and instruments for chemical examination, ex-

hibiting a most commendable zeal in their labors. Medical Inspector

Turner has since systematized these examinations for determining

aerial impurities, giving them uniformity, and reliability for accuracy of

instruments, in determining the meteorology of the interior of the ship.

Without accuracy it is worse than useless to take any meteorological

observations. Some time since, to show how useless are such records
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as have been kept on board ship, wishing to obtain some information

regarding air temperatures and the hygrometric condition of the same

at Callao, in 1868, when the terrible epidemic of yellow fever of that

year made its appearance there, I examined the log books of two ves-

sels then lying together in the bay of Callao. These vessels were the

Wateree and Nyack and the subjoined extract is taken for a week only

to show these differences, viz., from the 21st to the 27th of March in-

clusive, 1868, just before these vessels left for Africa to escape the

fever. The average difference for all the different registrations, taken

six times a day, in the wet bulb thermometer, is four degrees, and tor

the dry-bulb, one degree. Of course

averages show nothing, plus and minus

quantities balancing. The exact fig-

ures are therefore furnished in the ac-

companying comparison, from the

log-books of these two vessels. The

ditterences of temperature for practi-

cally the same moment range as high

as twelve degrees, (2ist noon) in the

two records of the weL-bulb thermom-

eters, and eight degrees in those of the

dry-bulbs. Variations of three and

live degrees are frequent, smaller ones

almost constant and in but one in-

stance, viz., on the 2oth at 8 A. M., do

tiie records for the two snips agree.

The steadily higher marking for the

wet-bulb oi the Nyack shows some

constant error. (Several times however

It fell below that of the Wateree and

these differences were never a constant

quantity.

Many times in my life in the Navy

1 have noticed the wet bulb thermom-

eter taken and recorded from the state

of the mercury observed after the cup

surrounding the bulb had been kept

tilled with water for some time. This

was, indeed, a " wet bulb," but not a

good way to determine the rapidity of

Totals

Av'ge,

76
72
74
72
6y
70
71
mid
73
73
70
71
69
71
70

70
70
70
71

68
70

A.M.
71

72
72

72
68
70

o n.
72
75
73
73
70
71
72

P.M.
76
73
72
73
72
72
73

>. M.
72
71
72

70

nigrbt
70
71
69
70

70
72
74
71
72
71

71

8
71
75
76
74
74
72
71

No
79
79
77

75
74
72
70

4
76
76
78
74
73
78
70

74
72
74
74
Mid
72
74
73
71
74
74
72

P.M.
74
74
76
72
75
76
68

P.M.
76
74
74
72
70
72
74

night
TA
72



417

evaporation, as a measurement of the humidity of the air. Some care-

less practice of this kind may account for the differences in the above

vessels. In case these differences may have been owing to the charac-

ter of the instruments, at the present day no excuse of this kind should

prevail, as those now provided for the service, both for the deck, and
meteorological measurements of the interior are fairly tested before be-

ing supplied for use in the important service to which they are adapt-

ed. It is now upon these instruments that we rely for our knowledge

of the watery impurities of the air, and in noting the excesses above

a given and determined standard.

Carbonic acid, the modern dioxide of carbon, exists naturally in the

air overlying the land, and is caused by vegetable growth, combustion,

respiration, decomposition, &c. On the open sea in a ship, but two of

these causes, viz., respiration and combustion, should be active genera-

tors. These are enough to extensively vitiate any confined space with

this gas, and in such quantities as to be injurious to health, and, there-

fore, require watchfulness. While carbonic acid which is chemically

pure may be taken into the stomach without injury, it cannot be in-

haled without endangering life, and much smaller quantities mixed

with organic matter produce serious results. For means of making

examinations for this gas I refer to works on general and special

Hygiene, and Chemistry ; and particularly for an account of some

experiments, to the appendix of circular No. 4, War Department,

Surgeon General's Office, 1870. Any one, with little care and ordi-

nary chemical knowledge and familiarity with apparatus, ought to be

able to determine the amount of organic matter and carbonic acid in

the air.

It is not necessary to further enter into the figures representing car-

bonic acid, than to state that there is almost always found in outside

air, four one hundredths (0.04) of one per cent, of this gas. Or four

tenths (0.4) of one volume, or cubic foot, in 1000. Or four (4) vol-

umes per 10,000. There is admitted 0.2 of one volume in 1000 to be

added to the normal 0.4 of one, making 0.6 of one of carbonic acid in

1000 volumes. Beyond this the air becomes practically impure.

First it afiects the senses and next the more important physiological

processes. Upon entering a room in which the air contains the al-

lowable quantity of impurity, viz., 0.6 of one volume in a thousand,

there is nothing discoverable to the senses. In a room where the C02

has reached 0.7 of one volume in a thousand, the smell of organic

matter is very perceptible. When it reaches 0.8 of one volume, the
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room smells " stuffy." It becomes very strong and oppressive at 0.9

of one, to the unit of a thousand volumes. Pettenkofer found in a

girls' school where but 150 cubic feet per head of air space was al-

lowed, the enormous quantity of 7.23 volumes in 1000 ! And yet

if you will turn to the Reports of the Bureau of Medicine and Surgery

you will find that this cubic space is much more than is usually al-

lowed below to each man on board ship. There are however in the

Navy allowable compensations for this paucity of air space, where

natural and artificial advantages are properly exercised.

In the Richmond, during my last cruise in her, she was provided

with but a single deck, so that each man on the berthing room of this

deck was allowed but 56 cubic feet of air space. If the ward-room and

steerage countries were included in the estimate it reached the general

average of 150 feet, just Pettenkofer's school room figures, but with sig-

nal advantages regarding apertures for admission of air. Dr. Craig,

U. S. Army, found in a casemate of Fort Hamilton, where each man
was allowed 260 cubic feet, 1.4 cubic feet of carbonic acid gas in 1000

of air, which he considered so unsuited to the purpose of a dormitory, as

to recommend that it be no longer used as such. In the paper before

mentioned by Messrs. Meigs and Smith they found in port, on the

berth deck just abaft the sick bay bulk head, 3.41 vol. of Co^ in 1000

of air. They also found in the wardroom with one sky-light open,

and all candles and two lamps burning, and air ports in, 2.27 volumes
in 1000. This limited ventilation was enough to diffuse the carbonic

acid, but the experiment is yet to be made as to what we will find

with a ship under battened hatches, for a long period, where no pro-

vision is made for ventilation. More will be said of this subject under

the head of ventilation.

The carbonic acid alone is not the cause of vitiation and the nausea-

ting odors emitted from a confined space. These arise from the or-

ganic products of respiration and exhalation. Yet the amount of car-

bonic acid is taken by all sanitarians as a fair index of the amount of

organic matter exhaled at the same time. Nothing much is known of

this organic matter, except that it is nitrogenous and oxidizable. If

any one wishes to procure a nasal demonstration of its fetid cliaracter,

let him breathe in a large bottle in a cold day, or have it surrounded

by ice. As the water of respiration is condensed in the bottle it dis-

solves and collects the organic matter. If now the bottle is inverted

on a plate, the few drops of water collected will send forth the odor
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which may be distinctly recognized as that of the berth deck, or sick

bay, of a vessel in commission.

The figures, upon the subject of the products of respiration, combus-

tion, fermentation and other air impurities are enormous and will not

admit of being followed here.

Ventilation is a subject to which some space must be devoted as it

antagonizes air impurities, and as it is occupying at the present day, as

it should have done fifty years ago, a large share of attention by those

who are interested in Naval architecture, or in improving the sanitary

condition of seamen.

Ventilation is one of the subjects treated of in works on Hygiene

which demands the exercise of the most philosophic study. It is also

conventional in its character, yielding to conditions of time, locality

and physical circumstances, in drawing conclusions. One person may
be satisfied with an air less pure than another, and live without incon-

venience or resulting disease. Others demand a practically pure at-

mosphere and are willing to undergo the exposure attending the require-

ment. The excesses of climate, viz.; in heat, cold, moisture, and dry-

ness with that most important factor, the movement of the air, all

most intimately enter into the subject, and no consideration of it would

be complete which did not accord to each of these its proper value in

drawing practical conclusions. The purpose for which a structure is

intended must influence the arrangements made for ventilation. For

instance a hospital requires from two to six times as much space per

man as a barrack, and barracks usually get three or four times as

much space per man as is allowed in a ship. Under all circumstances

the dormitories used by persons in health demand a judicious increase

of air at night, which might be useless and even dangerous in the day.

It will be necessary to place before you briefly some numbers, and a

few of the accepted conditions of this important subject.

We are bound by every sentiment in humanity, and by every con-

sideration which seeks to secure the highest interests of the service, to

furnish to every man in the ship the largest cubic space which it is

possible to assign in the nature of things. I am satisfied it is possible

to so construct, arm, and equip ships, that each man shall have 300

cubic feet for living purposes. It should not be less than this if his

health is to be fairly preserved, amid exposures to vitated air and the

trials of the sea.

In illustration I will take the case of the Richmond before referred

to, in which I served four years last cruise in the Atlantic and Pacific
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oceans. The total area of square surface of aperture of admission for

air, compared to the total cubic capacity of her decks, supposing her to

have had a spar deck for accomodation, is exceedingly favorable.

Her air space with such increased capacity would only be about 225

cubic feet per man. The apertures of admission were so large as to re-

quire but a slow movement of air to completely renew this cubic space

as often as necessary. I may say that unless impossible, no ship should

ever be built without a spar deck, if we wish to secure the best hy-

gienic results, beside providing additional safety.

This 300 cubic feet of space to each man must be exclusive of in-

cumbrances. In order to realize the practically pure atmosphere, it

must respond to the tests, a purity which shall exhibit no more than

0.6 of one volume of carbonic acid in 1000 volumes of air. Accord-

ing to Pettenkofer's experimental room this 300 cubic feet will be viti-

ated by one man, unless it is completely renewed 13 times an hour,

supposing 3000 cubic feet per man per hour necessary. Through his

small apertures of five or six inches square, this could not be done

without danger. Quite different are the hatch apertures of a ship.

This passage of air through the hatches of the Riclimond would not

be excessive, even if cold and wet. Air should^not pass more rapidly

than three and a half feet a second or 2i miles an hour. Otherwise a

sensation of cold will be produced, particularly if the air contain the

night moisture. At one and a half feet per second, air is scarcely per-

ceptible. Hence warming becomes an important consideration in any

system of ventilation. We must not rest satisfied in the Navy with a

less aggregate possibility than 3000 cubic feet, per man, per hour. In

submitting to a less quantity, would be equivalent to an acknowledg-

ment of our ignorance, and our inability to avail ourselves of the en-

gineering skill we have in the service, to provide for our own health

and comfort.

In the Richmond in 1876 there were about 425 square feet of air

apertures to the berth deck. There were, with air ports closed, (the

only true test of applied ventilation for a ship,) more than 300 super-

ficial feet of hatch openings. With a spar deck she will have full

80,000 cubic feet of clear berthing room. This would give for 350 men

225 cubic feet each. Given 350 men and officers and 3000 cubic feet of

air for each, it would require that this 80,000 cubic feet be changed 13

times in each hour, because 350 men multiplied by 3000 cubic feet

gives 1,050,000 cubic feet, which divided by 80,000 is near thirteen.

Two thousand cubic feet per man, per hour, will require that this air
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space be renewed nearly nine times an hour. One thousand cubic

feet, per man, per hour, will require this air to be renewed about four

times per hour. But I believe that 3000 cubic feet per man, per hour,

and even more, can be safely supplied through the above described

hatches, unless the air is very cold and saturated with moisture.

The supply of air to the berth deck of the ship, in passing down

through the 300 square feet of open hatches, at the rate of one and a

half feet per second which Parkes says at 55° or 60° Fah. is not per-

ceived, will give the enormous supply of 1,620,000 cubic feet per hour.

Be it remembered the total required for these 350 men and officers to

give each 3000 cubic feet per hour, is but 1,050,000 cubic feet

!

Air moving at the rate of one and a half feet per second, will pass

through this 300 square feet of open hatches so as to deliver about

450 cubic feet per second. The total amount of cubic feet required to

supply the 350 men with 3000 cubic feet each per hour, is 1,050,000

cubic feet. The number of seconds which will be required to effect

this change, will be given in the number of times 450 is contained in

the whole cubic amount of air, which is 2333-|-. An hour containing

3600 seconds, we have for the time ^whereby this change shall be ef-

fected, and the proper purity of the air preserved, a fraction of an

hour equal to about forty minutes. We have therefore in the given

apertures an area, which in one hour will allow, at the above velocity

of one and a half feet per second, a supply of air one half greater in

amount than necessary, or 4500 cubic feet per man, per hour. We
have the 80,000 cubic feet of the respiratory air, or 225 to each indi-

vidual, changed through these enormous apertures, more than twenty

times an hour, and at the low velocity above indicated over the decks.

Hence we find the capacity of the hatches for a pure air supply to

the ship's interior beyond all ordinary needs. How the air is to be

obliged to find its way to every part of the interior of the ship is in-

deed the most vital question in connection with an improved envii'on-

ment of the seaman and removal of hidden dangers of disease. In

connection with this part of the subject I offer some experimental

knowledge. The successful ventilation of ships in the English navy

and merchant service has been established for twenty years, and with

them such success is no matter for surprise. The plan originated with

them, as will be presently shown, one hundred and thirty years ago.

Permit me to say, having already given cousiderable study to the

subject of preserving the interior climate of the ship in a reasonable

degree of purity, as well as devised plans for securing the same, and as
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we have shown that the grand apertures of the ship are usually more

than sufficient for the air ingress, I believe any system will be suc-

cessful at ordinary temperatures which provides for the removal of vi-

tiated air from the interior, by heat or mechanical means. The external

air will descend through the iron masts, open hatches, or any other ar-

ranged apertures, \^ obliged so to do by applied power, which shall cause

the air to make its exit through longitudinal ducts placed properly in

the wings of the ship beneath the decks.

This plan for ventilating a ship by the extraction of air is now be-

lieved to be the best. But no one can claim originality for the idea,

or for its application at the present day, as it is very old. The first

knowledge we have of its use in practice was by James Sutton of Ed-
inburgh in 1749. A description of the plan was published in that

year, with a treatise on scurvy, by Dr. Mead and was called " A new
method for extracting the foul air out of the ships." A system of pipes

connected in the hold of the vessel, were joined and led to the ash pan

of the galley-fire. It was eminently successful so long as the ash pan

doors were kept closed. Then by Th. Day in 1784 who published an

8 vo. volume, " On the removal of confined and infectious air." Then

by Pajot des Charmes, who published in 1812 an 8 vo. volume, "On
the nee of Caloric, which is lost in the chimneys of forges and heaters

of factories, for ventilation and in heating." The same system was

used by P6clet and Duvoir in Paris in 1842, and by numerous others

both in France and England. The same plan of extraction was em-

ployed by Dr. Mapleton in the hospital ships in China in 1860, in

the English and French war against the Peiho Forts. In all these the

air is drawn through the horizontal induction pipes and delivered into

the space around the smoke pipes or chimneys. So that fire rooms are

reduced from 130° and 140° to 60° and 70° Fah. " This same princi-

ple has been applied by Admiral Fanshawe, late superintendent of the

Cliatham dockyard, England, to the ventilation of every part of the

ship where there are no water tight compartments."—Parkes.

There are other studies of impurities found in the air of the sea-

man's environment which should be mentioned although it will be

hardly possible to do more. These impurities consist of material exist-

ences or substances which chemical or microscopical investigations

have thus far been unable to determine. These are tlie miasmatic em-

anations from decomposing animal substances, existing in the putrefy-

ing fluids or in the surrounding air : and the material poisons produc-

ing Intermittent fever, yellow fever, &c.
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Under this comes that undefined exhalation which is experienced in

confined air, the organic matter of the air, produced by animal respira-

tion, exhalation and secretions which is felt and known to exist at all

times in a ship. It is found in its greatest intensify often in the wards

of a hospital, where fevers and diseases or suppurating wounds, so

poison the air as to cause the abandonment of the building or its de-

struction.

The seaman is exposed to all the diseases to which mankind is lia-

ble, Avhether they be those purely epidemic like cholera, yellow fever,

the oriental pest or plague, or those miasmatic influences which are ac-

cidentally epidemic, like dysentery, cerebro-spinal-meningitis, or the

stronger miasmatic emanations of contagion, like small pox. The

causes of epidemics have occupied the minds of the most earnest hygien-

ists in all the history of the past. The belief will probably always be

entertained, that such diseases have their origin in germinal matter

which is capable of being wafted in the air for longer or shorter dis-

tances, or of being transported in ships. The confined air of the hold

of a ship whether clean or foul, seems to be the home specially pre-

ferred for some disease-germinal matter. But it must not be under-

stood that this germinal matter has ever yet been determined. Vari-

ous devices have been arranged to collect it where it has been supposed

to exist. Gigot, in France, arranged an aspirator for collecting germs

of marsh malaria, as were plates of glass fixed by our own country-

men, Mitchell and Salisbury, for the same purpose.. The latter sup-

posed that he had discovered the cause of Intermittent fever in the

sporules of a cryptogamic plant, the Palmella. Lionel Beale says that

such germs have not been demonstrated as causing disease, that the

most lowly germs discovered by the highest powers, have been discov-

ered circulating in the blood, and which have been mentioned as

causes of epidemics when found outside the body. The seaman must

be content when he finds himself environed by disease, to make his

home as pure and sweet as possible, and then in case of necessity do

what a man does when his house takes fire, leave the locality and the

disease in the home of its birth.

Water—We must hasten to the next part of our subject, that of the

relation of the water the seaman drinks, which is appropriated to his

use in other respects, and by which he is environed whether sleeping

or waking.* I am sorry that I cannot, in my experience with water in

its varied relations to the life and health of the seaman, make such a

satisfactory statement for the present, nor one filled with such bright
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possibilities for the future, as I have concluded regarding "an abundant

supply of pure air. Yet in some respects there has been an improve-

ment in the use and abuse of water, and in others much remains to be

done.

The temperature of the sea we all know controls the temperature of

the air. On account of this great capacity for heat, where the water

of the equator is carried toward the poles the air above it is elevated

in temperature and has its hygroraetric condition increased. A slight

fall of the temperature under these circumstances produces dew, fog,

rain, or hail. In this simple statement we have the elements which

are prolific causes of disease and are the enemies which continually

beset the life of the seaman.

The atmosphere of the sea is less variable than that of the land, and

is moreover heavier than in most of the inhabited parts of the globe.

The temperature of the sea air is more constant, the winters are less

cold and the summers less hot. A certain humidity continually pre-

vails from evaporation and almost constantly saturates the air. An-

alysis proves that the air of the sea contains a little less oxygen than

that of the land. But this slight diminution is largely compensated

by the increased pressure. It may be said to the practically pure,

with the exception of the water it contains, and the impurities impart-

ed by the ship in which the seaman lives. The most marked effect up-

on the atmosphere of the sea is shown under the influence of the land

on the coasts. Here the seaman is exposed to particular dangers from

saturation of the air and oscillations of temperature, as well as from

the miasma of disease produced upon the land.

As the seaman thus lives in an almost saturated atmosphere it may
be said that the fall of temperature of the air, is a direct measure of

its injurious influence upon the animal economy.

Heat in dilating the air renders respiration more frequent. The
temperature of the body is also increased in adults one or two de-

grees in the tropics. When to the increase of temperature we add the

naturally increased humidity, new conditions are imposed upon the

function of respiration. There is an increase of depression because

the lungs cannot relieve themselves of the water contained in the pul-

monary exhalation. We have all felt this while our skin has been

bathed in perspiration, this secretion of the watery part of the blood

through the skin, being an attempt of nature to compensate for the

reduced watery exhalation of the lungs. The perspiration becomes

sensible on account of the saturation of the air. The relief one feels
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under such circumstances, from a very sudden and somewhat danger-

ous change of climate, is abundantly illustrated on our southern coast

at Pensacola, Mobile, or New Orleans, where within three hours I have

known a change of 20 degrees, from the stifling oppressive atmosphere

of the south winds of the sea to "the clear dry winds of the north.

This must be felt to be appreciated in its physiological and pathological

realities. It has been said that subjection to a persistent humid at-

mosphere is productive of obesity of the body, and obtusion of the in-

telligence. We are sure that the appetite is enfeebled and uncertain,

and the muscular and nervous systems become debilitated.

Perhaps one of the most important relations for a seaman to con-

sider in his environment of heat and humidity, beside those just men-

tioned, is the increased activity of fermentation and decomposition in

the ship in consequence of these conditions. No air is so favorable

to the production of fungus growth as that of heat and humidity.

Such growths pervade animate as well as inanimate objects and for

the present, our power to overcome such growths if possessed, is sel-

dom applied. The deleterious principles which are evolved by these

influences, not only from fungus growths, but the putrid fermentation

and decomposition of organic matter, evolving dangerous poisons are

absorbed and carried by the watery vapor.

After several months at Panama our shoes and clothing were cov-

ered with mold. I used a box in my room for keeping my shoes which

shut almost air tight. These were here covered with mold. I satura-

ted a sponge with impure carbonic acid and after placing it in the

box was pleased to find within a few days all the mold had disap-

peared. I afterward put' my clothing in this same box and the mold

was completely killed. Captain P. C. Johnson experimented with

carbolic acid in the Hassler on the awnings, to observe its eiFects in

preserving them during their continual use in the humid atmosphere,

on the west coast of Central America. He covered one half of the

poop awning with carbolic acid and its effect was, that when that part

which had not been covered was destroyed 'by mildew, and rotten, the

other part was perfectly good. He made a special report of it at the

time.

While carbolic acid may in the future be u^ed as a destructive disin-

fectant for the arrest of the low forms of life, and destruction of dis-

ease germs in the ship, the direct effect of humidity of the atmosphere

in the same place, cannot be abated by any chemical means with

which we are acquainted, without increasing the temperature. There
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is no use to dwell upon the direct disease producing character of such

an atmosphere.

The various affections of the lungs and throat and the settled

rheumatic affections which we are called upon to treat, and the govern-

ment to pension, have their remote cause in this very atmos[)here, the

interior ship climate. And while it is often impossible to fix any par-

ticular act of duty which gave rise to chronic rheumatism, or consump-

tion of the lungs, the phrase " from exposure to climatic causes" in

most cases, is intended to refer this very atmosphere which prevails in

the inside of the ship, to this saturation from natural evaporation from

the sea, the excessive mechanical admixture of saline particles, the vi-

tiation from secretion, excretion, resj^iration, decomposition, fermenta-

tion, and putrefaction, to which is too often added unnecessai-y delug-

ing for a prolonged period the various decks with salt water, all of

which constitute the direct and continually acting causes of the dis-

eases, which make the aggregate of those quarterly reported to the

Bureau of Medicine and Surgery.

Next to a pure atmosphere all those auxiliaries are demanded to

preserve the health of the seaman, which give us an air not more hu-

mid than the natural sea-air, while at the same time the perfect clean-

liness of the ship in her interior shall be preserved.

While it has been said there are no precise rules by which the

health can be insured any more for the ship than the shore, con-

tinual vigilance in preserving a dry air, o. pure air, in a deaji ship, will

" fill the bill" as well as any other general direction relating to the

physical environment of the seaman. Such important, yet simple

facts, it ought not be necessary to mention before the intelligent minds

composing this body, to receive an approval which years of experience

have accorded them.

The importance of that use of water which effects perfect cleanli-

ness of person, in a ship, is fully acknowledged. In my experience in

the Navy, it is one of those things usually observed. If an exception

occurs it will not be found among the older seamen, and is sure to

occasion remark and an avowed dislike to the individual.

That other use of fresh water, for drinking, I will only refer to for

the purpose of expressing my admiration for distilled water for this

purpose—for the seaman's use. To be sure a perfectly acting filter will

make river water as pure as we need it. Impurities are by this means

practically removed. Yet men will use it without being filtered if the

allowance is not restricted. The filter may get out of order, and the



427

water cease to be relieved of its impurities, long before the discovery

is made.

Those diseases Avhich were, years ago, the scourges of the seamen,

dysentery and diarrhoea, may be said to be practically banished from

the Navy. The causes are removed as completely as are those of the

now almost historic scurvy. I will only mention one fact, which is

worth more than pages of argument. In the sanitary and medical

Reports, published by the Bureau of Medicine and Surgery for 1873

and 1874, Surgeon H. C. Nelson compiled, from the medical reports

for those years, the deaths in the service from all causes. There were

but five deaths in all, from these diseases, viz., two from chronic diar-

rhoea and three from acute dysentery, in two years, for the whole serv-

ice. These occurred on the Asiatic Station. During a cruise I made in

the John Adavis, in China, of about twenty months, on the station

proper, we lost, in this ship alone, seven men from dysentery, and

eleven more were brought home in the ship, more or less permanently

invalided. We used river water, when these diseases occurred, which

was filled with organic matter, and it was used from over the side with-

out filtering. From Anger, in Java, we took water from an impure

stream which runs through the rice fields, as we were obliged to do,

and, although the fermentation of this water filled the ship with the

most sickening odor, it was not purified by the exhalations, as the dis-

ease of the climate began with our entrance upon the station. Such

facts, which are abundant, furnish the most conclusive evidence of the

value of distilled water.

One more instance occurs to me of the use of distilled water for the

relief of dysenteric afiectious where these are endemic on account of

the impurity of the water. In Valparaiso, in the summer of 1876,

when these dysenteries are the prevalent disease, and exceedingly fatal,

I attended a lady on shore, who had recently arrived in the country,

and was suflfering from acute dysentery. Pure water there, at this

season, is most difficult to procure, and all of it contains organic and

mineral impurities. In this case I gave no medicine, but directed her

to procure ten gallons of distilled water and use no other, not even for

washing. In four days she was completely relieved and her health

restored. This is not a peculiar case. I have done it many times for

the relief of dysenteric afiections, where these have arisen from impure

water. Such are facts.

We have reason to be satisfied that the provision made for the health

of the seaman, in his physical relations, is continually improving. So
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long as we steadily push those measures which stand boldly out, as

demaudiug our attention and adoption, we have a most promising

future. Earnestness in this matter is ouly evinced by an ever present

intelligent watchfulness. According to Sir Gilbert Blaue, the mortal-

ity of the British Navy in 1772, was one death for every forty- two of

mean strength. It rose steadily from this figure to 1813, wheu it was

one for every one hundred and forty-three of mean strength, aud has

been continually improving upon this, up to the present time, if we

deduct the wounds and accidents.

In the United States Navy for the years 1873 and 1874, there was

one death lor every two hundred and twenty-three mean strength.

The comforts and conveniences which are arranged and dedicated to

the retirement, repose and sleep of the seaman, the varied good or bad

influences afiectiug his character aud the government to which he is

subjected, will briefly conclude this paper.

Perhaps there are none of the vital- forces which exert a more benign

influence upon the individual in the ship, tliau the light of day.

There are those among the seamen in the siiip (,1 use the term in the

sense indicated at the begiuniug of this paper) who are well koowu,

and unmistakably recognized on account of sufl'ering from the exclusion

of light. These persons become so accustomed to the absence of sun

light, that they avoid it aud seldom come on deck until after daylight

has disappeared. The evident remedy for such cases is compulsory

exposure to sun-light aud change of duties, temporarily.

It is not proposed to seek reformation for the accommodation of men

or increased comforts where such change is impossible, nor is it pro-

posed to secure in a ship the appointments of a house on shore. But

the provision which can be made for more light, aud benches aud

tables for the use of the men, where they may eat aud read or write,

with some of the comforts of civilized human beings, is not a change

which has not already been made with acknowledged satisfaction.

Artificial light, while contributing to the comfort of men below,

possesses no other sanitary value, aud detereorates the air. With the

improved methods of veutilatiou, there can be no objection to artificial

light on this score. While, as all know, the products of combustion

escape more readily, if lamps aud candles are placed beneath au open

hatch, yet practically, who ever went a cruise and found any comfort

in using a lauip or caudle situated thus ? The first shower breaks all

the lamp chimneys, when the lamps are lighted, and a few times ex-

hausts all the chimneys in the ship. The wind-sail passing down the
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same hatch, where the lamp is usually hung, finishes up both chimneys

and lamps frequently. The only escape from these calamities is me-

chanical ventilation, so as to carry ofi' products of both combu^iou

and respiration.

There is nothing which adds more to the health and comfort of the

seaman than the shellac which is used on the decks.

There is one change which I believe would add much to the comfort

of men and the neatness of the deck, which is, to substitute lockers, in

which to insert the clothes bag, instead of suspending these unsightly

bags to occupy air space and obstruct its cii'culatiou. In addition to

lockers for bags, lockers may also be substituted for mess chests.

These things, like a system of ventilation, can only be properly intro-

duced by receiving that due attention which their importance demands,

in being incorporated in the original plans of construction, and not in

a plan of repairs.

The "heads," now used in our ships, should be substituted by water

closets, or a head, if you choose to continue the name, beneath the fore-

castle. In doing this, however, we would only be following a most

perfect system which has been adopted in the English Navy. I have

fully described those now in use in the English Navy in my Keport to

the Bureau of Medicine and Surgery in 1677. It is no less than bar-

barous to see men in inclement weather endeavor to get into the head,

perhaps bathed in perspiration, out of a warm hammock, and becom-

ing saturated with water before returning, obliged to sleep in wet cloth-

ing all night. This can be remedied and should be. I also described

in the above report to the Bureau, the bathing tub of large dimen-

sions, arranged under the iorecastle. With such an arrangement for

the comfort of the men, the paper and oakum do not find their way to

almost every part of the ship, when she happens at anchor, lying head

to wind.

There are some thoughts I would like to offer regarding the present

ration, its preservation and the mode of cooking it, particularly of pre-

paring the tea and coffee. A wide field is open here to provide a ra-

tion better adapted, more nutritious and more palatable, by employing

tin more generally in putting it up. But as the ration is fixed by law

and any innovation upon the domain of salt, is regarded with disfavor,

I will only mention that by representation of facts regarding butter, to

the present intelligent Paymaster General, the Navy is now pro-

vided with butter which is put up in hermetically sealed tins. The

U. S. Army has also adopted the same plan. I have eaten butter put
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up this way which waf? perfectly sweet when three years old. I be-

lieve the best of cheese and hominy could be preserved almost indefi-

nitely in the same way. In the matter of rations we ought to lead the

world, in the Navy, if we are a little behind in some other respects.

The present and remote rewards which are contingent upon the

faithful service of the seaman in the Navy hold out the strongest in-

ducement to him for preserving his health and morals, in spite of en-

vironments which often offer unfavorable conditions for achieving high

qualifications in these particulars. All will agree that reformation in

the Navy began when by the earnest efforts of a few officers, and nota-

bly by Rear Admiral Foote, the spirit ration, and all spirits were

abolished in the ships of the service. The moral improvement was

evident. Ships are no longer obliged to be placed under sailing orders

a week, that officers and crew may get sober enough to take the ship to

sea. The facts have demonstrated that brandy is not the water of life

(eau-de vie), and in place of imparting health, life, and strength, it

does exactly the contrary. There is no disputing this fact, and it may
be done without incurring, what to many is an unpleasant reproach,

the name of Temperance Apostle, or Radical Reformer. Not a few

officers of the service believe that intemperance should be treated as a

disease. This would be impossible without extending to the victim the

privilege of at any time disregarding the difference between right and

wrong. These cases seldom come under the charge of the physician

until the irresponsibility consequent upon indulgence assumes a type

of mania.

The moral and intellectual character of the man-of-war sailor, is

now making marked advances through the teaching and example of

his first years in the service, in the training ships. All the elements

which ever formed the undesirable part of the sailor's character of oth-

er days, are in these ships carefully renaoved, if found, or denied ad-

mission in the beginning. In the apprentice ship Sabine to which I

was attached in 1865 and '66 we found now and then a boy whose as-

sociations on shore had been of a debasing character, and the influ-

ence of such boys was distinctly marked in the associates they formed,

and in their conduct record. They certainly made no better sailors

for having been associated with ignorance, crime and debauchery.

This education of the minds and morals of the sailor in the English

Navy, says Thomas Brassy, M. P., has produced men of a high order,

who after a few years of service in vessels of war, are found in the com-

mercial marine. Many of them are employed, on account of their
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steady and reliable character, in steamers, and are eagerly sought for

yachtsmen. Nearly all of them are found in England and where the

best wages are paid.

There are no efforts spared, but the success is varied, in my experi-

ence in the Navy, to make the ship a comfortable and desirable home
for the seaman. A cheerful obedience is found to be the characteristic

of a happy ship. Insubordination sometimes becomes epidemic, like

suicide, and requires prompt repression. In the same way enthusiasm

begets enthusiasm.

The present efforts to exalt the moral and mental condition of the

sailor, will not fail to increase his self respect. It will, as surely as the

day follows the night, encourage patriotism, cause a full appreciation

of all efforts made to improve his physical condition, and make him no

less willing and ready to place his life in jeopardy, if necessary, a

dozen times in an hour, without a thought of having done more than

his duty.

This paper is already too long. "We have much to congratulate

ourselves for on account of what has been done for the seamen, and

even more on account of the earnest disposition to do more, as the

necessities of the case demand, or the improvement in the morals and

intelligence will warrant. There is no place where a statement of facts

can be more fitly made than here. Whether there are beauties or

deformities belonging to us let them here be held up for inspection.

To realize our erroneous teachings, or erroneous prejudices, or that we

have no opinions at all, is certainly the first step to knowledge, If in

the foregoing there are evils or abuses found, the bare exhibition of

them should be enough. I trust it may never be said of the Navy

what the Duke of Gloster (King Richard III,) said of his own de-

formity.
'• Dogs bark at me as I halt by them

;

Why I, in this weak piping time of peace.

Have no delight to pass away the time

;

Unless to spy my shadows in the sun,

And descant on my own deformity."
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TESTING WATER ON BOARD SHIP.

By Lieut. Commander Horace Elmer, U. S. N.

Mr. Chairman and Gentlemen :

There are few thiugs of iDore importance to the health of a com-

munity than good water, and of all classes of people sailors are certain-

ly most sorely tried in that respect. They are compelled to drink water

in all parts of the world, and even if they escape absolutely bad water,

they must suffer the results of constant change. On board of our men-

of-war these evils are partially avoided by a free use of the distilling

apparatus ; but such use is expensive, and in hot climates, getting up

steam for that purpose, not only adds greatly to the discomfort of all

on board, but increases the suffering of the sick. Frequently this ad-

ditional suffering and discomfort might be avoided and coal economized

if there were any reliable means on board ship for testing the purity of

shore water. At present there are no adequate means furnished for

making such tests. In a pamphlet issued from the Naval Laboratory

at New York, entitled " Memoranda to accompany the Naval Test

Case," a sufficiently complete and satisfactory method is given for ob-

taining the degree of hardness as well as the chlorides in waters, but the

test suggested for organic matter is the old one of dropping a solution

of potassium permanganate into the water until the pink color becomes

permanent, and in that form is too crude and incomplete to be of any

practical value. It is true that the use of potassium permanganate in

water analysis has been advocated by many distinguished chemists,

notably by Drs. Miller, Woods and Letlieby, and very recently Dr. C.

Meymott Tidy, in a paper published in the Journal of the Chemical So-
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ciety, January 1879, describes a process depending upon the action of

potassium permanganate upon organic matter in waters, which he calls

the " oxygen process," Without however the numerous and delicate

precautions embodied bv him in this process the use of potassium per-

manganate as a test of the organic purity of water is of no value, but is

worse than useless if any reliance be placed upon it. In fact, however,

no reliance is placed upon it, and our surgeons, appreciating the inad-

equacy of the means placed at their disposal for testing water, almost

invariably recommend, on all stations within the tropics, that no wa-

ter shall be taken from shore. Under the circumstances such a rule is

the only safe one, and yet it is in just these parts of the world, the heat

and discomfort of distilling are most felt. But aside from its very

great importance in these climates in enabling the surgeon to discover

and approve good water, a more accurate water test will be of even

greater advantage in other parts of the world in detecting bad water,

where the general healthfulness of the climate may have tended to lull

suspicion.

The impracticability of setting up a working laboratory on board

ship or the complex apparatus for ordinary water analysis is apparent

to every one ; hence, though the want has been felt by all, little effort

has been made to supply it. It would seem, however, that for the new

system of water analysis which has recently come into common use, a

simple and compact apparatus might be designed suitable for ship

board. A plan for such an apparatus, or rather, the suggestion

of a plan, for it is by no means complete, I desire to propose to the

members of the Institute this evening.

In complete water analysis, the amount and character of the solid

contents must be accurately ascertained. On board ship this sort of

careful work cannot be done, and fortunately for our purposes, it is

not necessary. The great danger is from organic impurity, and water

may be sufficiently impure from the presence of organic matter to

cause dysentery, typhoid fever and other diseases, and yet be perfectly

clear to the eye and pleasant to the taste. Hence, the detection of or-

ganic impurities is of the first importance.

While connected with the department of chemistry and explosives at

the Torpedo Station, Captain K. R. Breese, then in command, called

the attention of Mr. Hill, the chemist of the station, and myself, to the

possibility of designing some convenient and simple apparatus for test-

ing water on board ship. The pressure of Mr. Hill's ot^ier duties and

my own subsequent detachment prevented our giving the subject the
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attention I could have wished, but I trust I may be able to make the

practicability of some plan, either ours or one of a similar character,

sufficiently clear to awaken an interest in the subject.

There are three different methods common among chemists for de-

termining the organic matter in water, viz., the ammonia, combustion

and oxygen processes. Of these the first, on account of its ease, sim-

plicity, and rapidity, seemed best adapted to the purpose we had in

view, which was not an accurate quantitative analysis of the water, but

simply a speedy method of judging of its wholesomeness. Hence our

efforts were confined to adapting this method for use on ship board

with as little labor and as simple and economical apparatus as possible.

The combustion process, commonly called after its inventor. Dr.

Frankland, requires an accurate and careful analysis of the water res-

idue after evaporation. This demands a considerable time, special and

elaborate apparatus, and great skill in manipulation, and for these

reasons, aside from all others, it is impracticable on board ship, where

none of the ordinary facilities of a laboratory for delicate work can

be expected. The oxygen process, as previously stated, is based upon

and is a refinement of the old potassium permanganate method, and

though it is possible it might be adapted to use on board ship, it has

not yet had sufficient trial by difierent chemists to warrant its adop-

tion, and it certainly demands more time as well as more delicacy of

manipulation than the ammonia process of Wauklyn. This consists,

in the words of Wanklyn himself, " in the measurement of the nitro-

genous organic matter in waters, by the quantities of ammonia yielded

by the destruction of the organic matter." The quantity of ammonia

is indicated by the Nessler test. The process requires, 1st, the distilla-

tion of the water by itself, and 2nd, its distillation with potassium

permanganate and caustic potash in excess. The ammonia produced

from the first distillation is called " free ammonia," and is rather " an

indication of past contamination" : that from the second distillation is

called "albuminoid ammonia," and in any appreciable quantity, in-

dicates the actual presence of dangerous organic matter. This process

does not require an extensive apparatus or numerous reagents, nor any

of the usual laboratory facilities for ignition, drying, weighing, filter-

ing, etc., neither is it necessary that the operator should be an expert

chemist. The combustion and oxygen processes are distinctly chemist's

processes, while by Wanklyn's method, any intelligent person, having

a fair knowledge of the general principles of chemistry, and his re-

agents all prepared, can, with very little practice, make a determination
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with sufficient nicety for all ordinary purposes. Still, simple as it is,

the ordinary apparatus is too large for use on shipboard, nor would it

be convenient to provide a sufficient amount of water for a Liebig con-

denser.

Before describing the compact apparatus suggested for this purpose,

I may, perhaps, be excused for giving a brief outline of the Wanklyn
process. (See Water Analysis, Wanklyn, for full particulars.)

A half litre of water is used. This is poured into a clean glass re-

tort, whose beak fits into the tube of a Liebig condenser, to which a

supply of water is generally carried by rubber tubing from the sink.

The flame of a Bunseu lamp or gas burner being applied to the retort,

the water soon begins to boil and distil over. The distillate is collect-

ed in glass cylinders marked at 50 c. c. (cubic centimetres) each and

reserved for the Nessler test. This consists in dropping 2 c. c. of the

Nessler reagent into each 50 c. c. of the distillate. If there is any

ammonia present the liquid will assume a brown color, varying in

depth according to the amount of ammonia present. The amount of

ammonia is found by taking a clean cylinder and dropping into it a cer-

tain measured quantity of a standard solution of ammonia, and filling

up the cylinder to the 50 c.c. mark with pure distilled water. This

is then treated in the same manner with the Nessler reagent and the

two cylinders are then placed side by side on a white surface, and their

colors compared. This pi'ocess is continued, with varying quantities

of the standard solution, until the imitation is perfect. In practice, the

first 50 c. c. is Nesslerised for the free ammonia, and the next 150

c. c. thrown away, experience having shown that they always contain

just one third of the amount shown in the first 50 c. c. The distilla-

tion is then stopped and 50 c. c. of a solution of potash and potass-

ium permanganate added, after which the distillation is continued, and

the succeeding three 50 c. c. of distillate carefully Nesslerised, to ob-

tain the amount of albuminoid ammonia. The standard solution of

ammonia is so arranged that each cubic centimetre will represent one

part to the million where one litre of water is used, consequently, as

the amount of water actually used is but half a litre, the results ob-

tained by the first and second distillations are doubled to obtain the

number of parts to the million or milligrammes to the litre. Where
these show more than fifteen parts of albuminoid ammonia to the mil-

lion, the water should be rejected. It will be perceived there are no

weighings nor tedious dryings and careful iguitious in this jorocess. The

calculations are already made and the test consists simply in the care-
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ful comparison of colors, and with a little practice, this can be read-

ily done. Many objections have been urged to this method from a

scientific standpoint, partly induced, perhaps, by the inordinate claims

made for it by some of its advocates, but even its opponents acknowl-

edge that its indications are valuable, while denying the precision

of its results.

It may not enable us to say, exactly, how much organic nitrogen

there is in the water, but it will enable us to judge, for all practical

purposes, whether it be wholesome or not, and that is all we desire.

From its ease, convenience, and simplicity it would appear decidedly

the most practicable method on board ship, It does not displace any

other method : it takes the place, virtually, of nothing. Consequently

its adoption does not seem to involve any discussion of its merits com-

pared with those of the other two methods I have mentioned. On
this subject the most distinguished experts differ and a most excited

controversy has been carried on among them for some time past. This

is consequently ground upon which I do not care to tread.

To shorten the Wanklyn

process and simplify the neces-

sary apparatus, it is proposed

by Mr. Hill to use but 50 c. c.

of water. This would require

but a small retort ; a flask cap-

able of holding 100 c. c. with

oval bottom, glass stopper and

outlet tube at the neck (see B
fig. 1) would probably be the

most convenient ; this to be

held by an ordinary retort hold-

er about fifteen inches high. A
spirit lamp will supply the necessary heat. The con-

denser may be a flask with a glass worm, such as

is sometimes made for laboratory use, or as I would

prefer, a small copper condenser with a flat, silver

lined, angular worm (w fig. 2.) This form of con-

denser, with a tin lined worm has been patented for

the use of druggists, is very small, not much larger

than a quart measure, but I have seen it in opera-

(Section )
^^^^ ^^^ ^^ ^^^^ '^^^ ^°^^ rapidly and perfectly. For

w Flat, angular worm, our purposc it would be better to have the worm
F Funuel. H Delivery.

SHIP APPARATUS, SET UP FOR USE.
A Retort holder. B Retort.

C Spirit Lamp. D Condenser.
F Funnel. H Delivery.

O Overflow. T Glass Tubia
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silver lined, and the. plating could be done at very little extra cost

over the ordinary tin lining. The small amount of sea water nec-

essary for condensing can be supplied through the funnel by an attend-

ant. The Nessler reagent, ammonia and potash solutions should be

carefully prepared at the Medical Laboratory, bottled, and put on

board ship with the medicinal stores. With the small amount of wa-

ter used, the quantities of these required would be very much reduced.

A four ounce bottle of the Nessler reagent and a litre of each of the

other solutions would seem amply sufficient for a cruise. Should the

Nessler reagent become exhausted or need renewal, all the necessary

materials for preparing it will be found among the ordinary medical

stores. If preferred, the Nessler reagent could be put up in separate

bulbs, similar to those containing sulphuric acid in the Harvey bolts,

each bulb holding t^e exact amount to be used at one time, that is,

about .2 or .25 c.c. of the reagent. This would avoid the necessity

of making such small measurements with the pipette.

In addition the following apparatus would be necessary :

—

Six (6) small glass cylinders, marked at 5 c. c. each. One (1) grad-

uated burette, to measure the standard solution of ammonia, and a

small number of glass rods and tubes. Most of these will be found

in the Naval Test Case and the remainder can be added to it without

much additional cost and very little increase of size. The most ex-

pensive feature of the apparatus is the condenser, and that will cost

about five or six dollars.

It will not, of course be necessary to make an organic determination

of all water received on board ship, but only when taking it for the

first time in any given port, or where there is reason to suspect the

character of the shore water, nor will it be necessary, each time, to

measure the exa«t quantity of organic impurity. If the application

of the Nessler reagent to the first distillate gives a decided brown col-

or, it will be sufficient to warrant the rejection of the water without

continuing the process, as no water, bearing the slightest suspicion of

present or past contamination should be received on board ship. The

extreme care and exactness required in the examination of water for

a permanent supply, do not enter into the question here. If the water

from one well or cistern is not perfectly satisfactory, it can easily be

procured from another, if that is still unsatisfactory, the distilling ap-

paratus always remains as a last resort. There is therefore no reason

why water having the slightest taint of suspicion should be received.
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This, as you will readily perceive, simplifies very much the task of the

examiner.

The time required for such an examination would be small. I have

made a careful determination, by the Wanklyn process, using a half

litre of water, in about two hours, including the time required to set

up the apparatus. With 50 c. c. of water and the ship apparatus, it

ought not to take more than three quarters of an hour, and for the in-

complete tests, which would be all that would be necessary with posi-

tively bad water, twenty minutes ought to be sufficient. The pure wa-

ter required for the purpose of comparison should be previously dis-

tilled with the same apparatus from very pure spring water, if possi-

ble, and kept in bottles for use when required.

The organic impurity of water is of the first importance, and with

a satisfactory test for that, one may rest content; still, it sometimes hap-

pens that organically pure water will contain such a large quantity of

dissolved and suspended matter, as to be unfit for cooking and drink-

ing purposes. This is the case with very hard water. It is a thumb

rule that the total solids should not exceed forty grains to the gallon,

and, should it be desired, this total amount could be very easily ob-

tained, (though somewhat roughly, perhaps,) by carefully evaporating

70 c. c. of the water in a porcelain or platinum dish, which had been

previously weighed, and then reweighing the dish and residue after

evaporation, the difierence in weight in milligrammes being the num-

ber of grains of solid contents to the gallon. This is, of course, common

practice, and I merely suggest it as a simple additional test, requiring

no apparatus excepting a small water bath, an evaporating dish and

the apothecary's scales. In itself, it is, of course, of little importance

compared with the previous tests for organic impurity, still the process

of evaporation may give some valuable indications as to the organic

condition of the water, as most impure waters on evaporation to dry-

ness, give ofi" an oflTensive odor, and it seems to me the Surgeon should

have the apparatus for making this examination, should he consider it

necessary.

I have not had the opportunity of talking with many Naval Sur-

geons on this subject, but those with whom I have talked, not only

coincided with me as to the necessity of some more perfect water test,

but expressed their belief in the practicability of the Wanklyn process

on board ship, and the convenience of the apparatus I have described.
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Note.

Since writing the foregoing, I have had the opportunity, at the laboratory

of the Torpedo Station, of trying some experiments with the oxygen proc-

ess, as described by Dr. Tidy. The results were fairly satisfactory, but

upon trial, the method does not appear to me any better adapted to use on
shipboard than it did on first reading. It requires for a determination, at

least, four hours, and I do not see how the time can be reduced.

H. E.

Passed-Ass't Surgeon Cokwin. I consider the plan proposed by the
lecturer, for testing water, to be a step in advance of anything we now pos-
sess, and think there is no doubt as to its feasibility on ship board, the only
objection being the time necessary for the determination. Time is here a
matter of great importance. When the tests are to be made the medical
officer is generally hurried, the water boat often coming alongside when
the stores are coming in, and the decision is quickly required. I think at
least an hour would be needed to do it properly. There could be a great
saving of time however, if a standard of color were selected for compari-
son. For instance, a solution of potash bichromate or other coloring mat-
ter in 50 c. c. distilled water, of such strength that it should equal in depth
of color that produced by a dangerous proportion of free or albuminoid
ammonia with Nessler solution in <^he same bulk of liquid. The strength of
such a color standard could quickly be ascertained by experiment and it

could then be kept on hand, or prepared in a moment when wanted.
Two test tubes of equal size should be tilled, one with the color stand-

ard, and the second with the Nesslerised distillate. When the latter equals
or exceeds in depth of color, the standard, the water must be rejected,
when liyhter in shade it may be accepted. This procedure may be ob-
jected to as not scientific, but there is no reason why the examiner, after
passing upon the question of accepting or rejecting the water, should not
be required to continue the experiment to the exact determination of or-
ganic impurity and keep a record of the results.
A good light is very necessary to distinguish the differences in intensity

of color upon which the determination depends. It seems to me that the
process is desirable and can be utilized; the reagents are simple and easily
prepared, and it would prove an exceedingly useful method.

Prof. MuNKOE. The service is under great obligations to Lt. Comdr.
Elmer for seeking to introduce into use Wanklyn's method. It is now
well known to water analysts and among the many methods that have been
devised and suggested during the last few years in which so much atten-
tion has been given by analysts and hygienists to the contaminations in
potable water tliis method has met with the greatest favor and is quite ex-
tensively used. I can speak from personal experience as to the accuracy
with which it will reveal the presence of ammonia and albuminoids in wa-
ter and the ease with wliich it may be employed, as I have frequently used
it in the examination of potable water. It must be borne in mind that this
process does not supplant those now used by the medical ofiicers ; it merely
supplements them. The total solids and chlorides must be determined as be-
fore ; so the examination will occupy a longer time than heretofore. There
is one objection that is urged against the Wanklyn process. It is said to
prove too much and to condemn some waters which contain vegetable albu-
minoids which are not dangerous to health. This however is a point for
the doctors to settle; the chemist simply proves the presence or absence of
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the albnminoidal substances. It is unfortunate fov the service when a
harmless natural water is condemned ; for although there may be a plentiful
supply of distilled water for use it is not so valuable as the natural water,
since the latter contains certain salts and gases in solution which rentier it
more palatable and which no doubt play a useful part in tiie animal econo-
my. We try to reach this result by aerating our distilled water and I un-
derstand that in the Russian service they have issued a saline mixture to
be added to the distilled water. It seems to me that it would assist our
medical officers in deciding as to fitness of a water if they were directed to
examine the source of the supply. They could then judge of the liability to
contamination and whether the organic impurities were such as would
prove dangerous to health. It would in many cases render an examina-
tion unnecessary by revealing the presence of stables etc. near the source
of supply. ^
Passed-Ass't Surgeon CoRWiN. It certainly is advantageous to examine

the source of supply, but it is not always practicable.
Passed-Ass't Eng. Kafek. It is a case in point to mention that since the

China fleet suffered so severely from cholera, none but distilled water has
been used on board the ships, and with beneficial results.
Passed Ass't Eng. Manning. The water which Avas extensively used in

the North Atlantic Blockading Squadron, and which was generally prefer-
red, was Juniper water from the Dismal Swamp. This would certainly
have been condemned by this process, as it contained a great deal of vege-
table matter, but it really was not objectionable.
Passed-Ass't Surgeon CouwiN. 1 can understand that organic matter

may exist in water, but, a,t the same time, its injurious eff"ect be neutral-
ized by the presence of some other principles, as in the case of the Juniper
water.
The Chaiuman. I think the lecturer has taken a good step in bringing to

notice this process and in making experiments to demonstrate the possibil-
ity of its use on board ship. From my experience as Executive Officer, I
must agree Avith Dr. Corwin, tliat in a great many cases, it will take too
much time. When the water boat comes along side, and the water must
be taken in without delay, as frequently happens, it would take too long.
In such a case t;he ordinary tests for salts would have to be used. With
regard to examining the source, in those parts of the world not frequently
visited by men-of-war, it would be an excellent idea, but at the ports most
frequently visited the character of the Avater is generally pretty Avell

known. I think the subject Avorthy of serious consideration, and I am
sure all will agree Avith me in returning thanks to the lecturer for the pains
he has taken in developing a very useful subject.
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THE U. S. SHIP TRENTON.
(A Supplement.)

By Geo. W. Baird, Passed Assistant Engineer, U. S. N.

As there had been no full speed trial of the Trenton at the time I

wrote my paper describing the improved machinery on board that ves-

sel, and in consequence of the discussion that followed, I am induced

to offer this, a supplementary article.

The trial trip occurred in the Mediterranean on the 15th day of Oc-

tober last, when there was no wind blowing nor any motion of the sea

to influence the vessel's speed.

Duration of the trial, in hours ^-^^

Maximum speed in geographical miles per hour 14-00

Mean speed in geographical miles per hour, per log line 12-63

Mean speed in geographical miles per hour, per observation 12.83

Mean pressure of steam, in the boilers, in lbs. per sq. inch, above the atmosphei-e 70.00

Mean pressure in the receiver, in lbs. per sq. inch, above zero 21.845

Maximum number of revolutions of the engines per minute 61.00

Mean number of revolutions per minute ^-^

Mean vacuum in the condensers in inches of mercury 20.17

Mean number of holes of the throttle-valve open 8-00

Mean number of inches followed by the pistons at the time the ( High pressure.... 28.7

Bteam was cut off. 'Low pressure 30.00

Mean draught of water in feet and inches
| J^ '..'.//.'.'......'...'.'.. 20-8

Mean number of pounds of coal consumed per hour 5744.37

Maximum horses-power developed by the engines 3100.

Mean number of horses-power developed by the engines 2813.11

Mean number of pounds of coal per indicated horse-power per hour 2.042

Temperature of the atmosphere, in degrees Fahrenheit ^4.

Temperature of the sea-water admitted to the condensers 74.
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Temperature of the sea-water discharged from the condensers 119.

Temperature of the feed-water discharged from the condensers 137.

Temperature of the engine-room 96.

Temperature of the fire-room 157.

Temperature of the coal hunkers Hi-

lt was found that coal could not be brought from the bunkers as

fast as it could be burned. It will be remembered that there is no

forward bunker on board the Trenton, and that all the coal i^ carried

behind and above the boilers. There is one door on each side, aft of the

boilers, through which the fuel is brought, but the railway does not

extend into the bunkers. The Engineers on board believe there would

be no difficulty in sustaining three thousand horses power if the coal

could be supplied.

The Windlass.

As this machine was selected, in preference to a steam capstan, de-

signed by myself, I passed lightly over the faults, in my former paper.

The faults of the windlass are only in detail and can be easily

corrected.

Fig. 1 is a vertical section

of the head of the worm
shaft, with its thrust bear-

ing. It has two collars of

wrought iron and two of

bronze, all of which are

loose, excepting the top one,

which is slotted to carry the

Iron key, and revolves with the

shaft. The aggregate hear-

ing surface of this device

would be sufficient if the

collars were arranged as in

ordinary practice; but as it

is, the thrust is against the upper collar and is transmitted through

the others, leaving the pressure per square inch of surface the same as

if there were but one collar, and with heavy heaves, the pressure is

sufficient to force the lubricant out. There has never, to my knowl-

edge, been any lack of power in the engine of the windlass to bring up

or break out the anchors, notwitlistandiug the acute angle the chain

forms in passing the hawse pipe. Mr. Sickles informed me, personally,

that he had considered that in the design, and had sufficient power in

Castjron
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the engine to bring up two anchors at a time, for which the windlass is

arranged.

I found that by smoothing the surfaces of the collars, and by hold-

ing the top one central, by filling the annular space with hard wood

—

as it sometimes moved from the center—the bearing worked very

much better, and I do not think it has been hot since ; but to perma-

nently overcome this trouble I design a roller thrust as shown in Fig-

2, which I hope to see built.

I would like very much
to have the views of some

of the gentlemen present on

the merits of windlasses as

compared with capstans for

war vessels. The first cost

is very much in favor of the

capstan, while the windlass

presents a corresponding ad-

vantage in handiness. The

capstan is very much lighter

than the windlass and as

there is room for many more

men to work at the bars, the anchor can be raised in less time by the

capstan than by the windlass, while the question of deck room, so val-

uable on board ships of war, presents another reason for preference for

a capstan. I regret that I have not a copy of the design for the pro-

posed capstan for the Trenton, but will give a similar plan further on.

The Bow and Ram.

I offer in Fig. 3, a drawing of the bow and ram of the Trenton, which

will make my former description more intelligible. It is really a ram

of hard wood covered by a thick bronze casting, and is so designed

that the vessel would not leak badly if it were broken off". Longitu-

dinally it is immensely strong, but laterally it is not. As the length

of the ram is not great, the danger of breaking it off", even under ag-

gravated circumstances, is not great.

The Steering Engine.

I wish here to correct an error in my former paper, in which I stated

that this engine could not be made to work smoothly. At that time

the machine had never moved the rudder, when the vessel was in
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motion, and, therefore, no opportunity had been offered for experiment,

but since that time the machine has been put in use, and it was found

by Assistant Engineer Mattice (a graduate of the Academy) that, by

reducing the pressure upon the pistons—by means of Mr. Sickles'

automatic valve—the engine was made to work very smoothly.

The Design for a Steam Capstan.

The design for a steam capstan was not preferred by the Chief

Constructor of the Navy—who at that time had charge of that matter

—for the reason that it was to be worked on the main deck, which he

wished to be kept clear, forward, for bow guns. The engine was de-

signed to be bolted to the spar deck beams, under that deck, and di-

rectly above the capstan itself It was essentially the same as that

shown in Fig. 4, which design I have recently finished for the Vandalia

CAPSTAIf £NCHNB
In this it will be

seen that the spindle

is prolonged, and

carries a spiral gear,

which is worked by

the engines. The

spur-wheel is not

made fast to the

spindle, but envel-

opes another wheel,

which is keyed, and

the two wheels are

united by a small

key, shown near the

periphery. To dis-

connect the' steam

gear, in order to

work by hand, this

small key or pin is

removed.

The engines are

reversed by means

of a piston valve

which is placed be-

tween them which

changes the ports. This method necessitates the steam to follow full
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stroke, but gives the advantage of dispensing with water valves, which

so simplifies the machine that skilled labor is not necessary for running

it. A system of permanent leadiug blocks carries cords to the barrel

of the capstan in order to cat and fish the anchor.

^n^
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In some occupations it happens that the good attained by them is

not seen at once, but only when the effects are traced to their sources

do we find the meaning of the work. Sowing wheat, for instance,

seems at first waste of grain ; traced further, it is found that the opera-

tion feeds nations.

This is true of astronomy : more curious at first sight than useful,

the observations duly recorded and tabulated, have made the civiliza-

tion of the world what it now is.

Greenwich Observatory is a foundation upon which England's com-

merce is built. Heroism, skill, devotion, could do little without tools

to work with ; and without Nautical Almanac and sextant, commerce

could never have reached its present importance.

Commerce carries abroad religion, civilizes cannibal isles, exchanges

^the products of labor, takes abroad the things which are not needed at

home, and in their stead brings articles of necessity, of convenience, or

of taste. Commerce breaks down the barriers of prejudice which sep-

arate nations ; and these prejudices subdued, it attacks the physical ob-

stacles which stand in its way. It cuts down hills, and fills up valleys

;

it tunnels mountains, and bridges rivers ; it builds harbors, and for its

peaceful and beneficent purposes creates all the facilities which make

it so immense in its proportions, and so powerful a means of spreading

community of interest, and hence tolerance and good feeling amongst

nations.
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The work of Observatories blends so intimately with modern navi-

gation, that no cargo can be exported nor brought home except through

its agency. No wheat, no cotton, no tobacco, can be exported except

under the safeguard of astronomy. No books come from abroad ex-

cept under the protection of astronomy. No traveler risks his life up-

on the ocean without the tutelage of astronomy. No missionary of

religion, or of science, or of useful knowledge, ventures to leave his

own shores except with the help of astronomy.

All this, to one who does not at once admit what I have said, seems

like mere rhetoric, and it may be worth while to find out, as well as

we may, the real money value of this science.

Before astronomy lent its aid to navigation, the freight and insur-

ance charges were enormous. It is known that old voyages were long,

tedious, dangerous; that the vessel instead of sailing directly to her

port, crept along the land, groped her way through shoals, skirted the

coasts, and painfully, like a blind man, felt her way along shore with

lead and look-out, never knowing exactly where she was; never know-

ing how dangers not in sight bore from her position ; not knowing ex-

actly where her port was upon the earth, relatively to other ports.

If the difficulties, and dangers, and duration of voyages, were inor-

dinate, the profits were also inordinate ; and if the insurer asked huge

premiums, the insured could, out of his high gains, well afford to pay

them.

In Shakspeare's Tempest we read

—

" There were such men
Whose heads stood in their breasts ; which now we find

Each putter-out of five for one will bring us

Good warrant of."

This refers to the custom which obtained with travelers going into

distant lands, of putting out money to be returned five for one, when

the traveller should come back to claim his pledge. If he did not re-^

turn, the whole sum belonged to the lender.

In this sentence Shakspeare makes the insurance five for one ; but

let us suppose it only one for one above the present rate, and let us see

the gain to the United States, in a single year, from the uses of astron-

omy as applied to navigation.

The imports into the United States in 1877 were, in part,—sugar,

$90,683,826; coffee, $53,634,991; tea, $16,181,467; and the total

imports amounted to $ 492,097,540. Exports for the same year were,

in part,—cotton, $181,403,415; wheat, $69,308,119; tobacco, $32,
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312,529; the iofo? exports, S 658,637,457. Thus it will be seen that

the ocean commerce of the United States alone, amounted to the sum

of $ 1,150,735,087, in a single year; and if the entire commerce of the

maritime nations be considered, the aggregate value will dazzle the

imagination.

I have estimated that the rate of insurance would, without the aid

of astronomy, be only one for one, or on our whole exports and im-

ports, $ 1,150,735,087 This sum now actually saved to the country,

would, if applied to the purpose, in two years pay our whole national

debt.

This result is so stupendous that, beyond the sublime, it seems to

reach the ridiculous. Men smile at something so far beyond their re-

ceived opinions. But it is to be remembered that all astronomy is to

be invoked to give the present results.

Columbus had some kind of astronomical tables, or, as we should

call them, some kind of Nautical Almanac ; for he had means of

measuring roughly the sun's altitude, and of deducing the latitude

from his observations. Such tables had existed long before the time

of Columbus.

The solution of the problem of differences of longitude was attempt-

ed in eady times, dating even from the time of the ancient Egyptians
;

but the results obtained were very inaccurate. The first comparative-

ly accurate theoretical solution of the problem may be said to date

from the discovery by Galileo of Jupiter's satellites and his tables of

their motions. In practical accuracy, Galileo's tables were worthless.

While the theory of this method is perfect, its practice is even now

far from being so, since the power of the telescope, and the clearness

of the night, come in as quantities not readily estimated.

The tables used before Greenwich Observatory was established,

were those of Tycho Brahe or of Kepler, which were so erroneous that

their use would entail an error in the resulting longitude of some 900

miles.

It is not to be wondered at that charts were erroneous. A shoal or

island 900 miles out of position would be hard to find.

Navigation is now so precise that a vessel may start from New York

for Australia, and, seeing no land until off her port, run boldly for the

harbor, sure of her position in relation to it.

In my own experience, when I first went to China, we were boarded

about 6 o'clock in the morning by a pilot, who immediately upon com-

ing on deck changed the course some three points to the westward.
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I said, pointing to the direction we had been steering, Hong Kong is

there. " No," said the pilot, •' it is there," persisting in his opinion.

I concluded he might have just lost sight of the land and that the

" John Hancock" might have drifted a few miles to the westward at

night. I acquiesced.

We made the land in a little more than an hour, and then the pilot

hauled the vessel up to the course she had been steering before he came

on board, I remarked to him—" I was right, you see, in saying how

to steer for Hong Kong." "Oh," said he, " you have been to Hong
Kong before." When I said, " no I never was in Hong Kong," evi-

dently he did not believe me, and the fact must have seemed miracu-

lous or false. A man Avho never was in Hong Kong comes from

America and points to the direction of the Island he has never seen,

more accurately than a pilot who has just left it ! In such a case, one

could more readily attribute falsehood than accept a miracle.

I have not spoken of the intellectual uses of astronomy; of how, as it

reveals to the imagination and to demonstration the infinite expanse of

creation, it enlarges the scope of men's faculties, and heightening their

comprehension of the Creator, brings them into closer communion

with Him.

I have referred only to the prosaic money value of observatories.

Without these, the antipodes could not have become familiar channels

of traffic. The throng of travel and the burden of commerce could

never have risen to their present greatness. Civilization would have

been much slower in its diffusion. Colonization would have been de-

ferred and retarded in its march. Without observatories, steam, as

applied to navigation, would have lost much of its value, since, as di-

rect voyages could not be made for lack of accurate charts, and from

the uncertainty in the navigator's position, a ship load of coal would

not have sufficed for a long voyage.

The Naval Observatory, when requested, takes observations upon

stars used by the surveying parties of the government, in order to fix

the latitude of cei-tain points. These stars are frequently, and perhaps

generally, those not near the best explored parts of the heavens, and

are therefore those whose place for nice modern work, is not known
with all desirable accuracy. In finding the latitude by Talcott's meth-

od, pairs of stars are selected, each one as nearly as possible equidis-

tant from the zenith, and respectively north and south of it, and not

far apart in right-ascension. So many conditions attach to the proper

selection of pairs, that any star which suits in position and magnitude
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must be taken as one of a pair ; and if, as too often happens, the star's

place is not exactly known, the Observatory fixes it, and furnishes the

positions to the surveyor, who is thus enabled to determine his lati-

tude with the utmost precision. Without these observations, the geod-

esy of the country would be more tedious and less exact than it now is.

It thus appears that the public land sales are dependent upon the

determination of the boundary meridians and parallels, in which work

the Naval Observatory is an efficient and active coadjutor.

The work of Lieut.-Commander F. M. Green, assisted by Lieut.-

Commander C. H. Davis, in fixing the longitude of places in the south-

ern part of Europe, and in South America, is very useful, as giving a

greater precision than has heretofore been reached in regard to places,

not only where the observations are taken, but to all others dependent

on the first as prime meridians.

To this work, so useful to the commerce and geography of the world
^

the Naval Observatory contributes its part, first by giving time-signals

to England, thus enabling our longitude to be carried to Lisbon, Rio

de Janeiro, Bahia, Pernambuco, &c.; and next by star observations

for zenith telescope work.

The English have less faith in telegraphic longitudes than ourselves
;

and thus we have, so far, been pretty much alone in this field, in which

we have attained valuable results.

The Coast Survey has need of special observations, which can only

be made in a fixed Observatory, where instruments of the largest size

and of the greatest exactness are employed.

We have given star determinations to Lieutenant Wheeler, of the

U. S. Engineers, employed in exploring and mapping the regions of

the far west.

Miscellaneous stars, observed with the Meridian Instruments of the

Observatory, for the use of other scientific departments of the govern-

ment.

• • For Army Engineers 548

" Coast Survey 588

" Lt. Comd'r F. M. Green 232

" Transit-of-Venus Commission 101

Total 1469

The observations of these stars have been nearly completed, except

about two hundred for the Coast Survey; but the whole number of

different observations will average about three for each star, making
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about four thousand four hundred observations. To these should be

added the number of observations of clock stars, circumpolar stars for

azimuth, and the nadir observations which are necessary to the reduc-

tion of the work—fully six hundred ; making five thousand observa-

tions in all.

To do this work properly, would require, at least, four trained ob-

servers and computers, and two extra computers, one entire year to

prepare the results.

All the extra work here enumerated has been performed within ten

years, indicating that one-tenth of the labor of three-fourths of the

working force of the Observatory has been devoted to the direct assist-

ance of other departments.

The Naval Observatory has also assisted in the determination of the

longitude of the following stations, the observations of thirty different

nights being devoted to this work in 1877 alone.

At the request of the U. S, Coast Survey :

Cambridge, Mass.; Island of St. Pierre ; Savannah, Ga.; Key West

Fla.; St. Louis, Mo.; Columbus, Ohio ; Nashville, Tenu.; Harrisburgh,

Penn.; and for the boundary line between New York and Pennsylva-

nia; Hale's Eddy, N. Y.; Wellsburgh, N. Y.; and Great Bend Village,

Penn.

For Army Engineers

:

Austin and Carlin, Nevada ; Detroit, Michigan ; and Ogden, Utah.

At the request of the Directory, the Observatories at Lehigh Univer-

sity, Bethlehem, Penn.; and at Princeton, New Jersey.

It is thus seen that the Naval Observatory is really national in its

scope of labor, as well as international by its cooperation in nautical

astronomy.
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Prof. Neavcomb. I would like to ask one or two questions which the pa-
per just read by the Admiral, brought to my mind. Did not Prof. Airy, at

one time, make a calculation of the money value of each observation of
the moon? I have an idea that I have seen a statement that he did so, and
fixed the amount, but I have never heard anything authoritative on the
subject. Perhaps the Admiral could enlighten us on this point?
Rear-Admiral Rodgeks. You would know about that better than L
Prof. Newcomb. Perhaps some other gentleman knows whether he

made such a calculation, and whether I am right in my impression?
Lieut. ScHROEDEK. I have heard the same, somewhere, but cannot now

recall it.

Rear-Admiral Almt. The name of Prof. Airy brings to my mind some
incidents, very interesting, which I think are closely connected with the
subject of Naval Observatories. I recollect, that many years ago, I was
ordered to the Depot of Charts and Instruments, located on Capilol Hill in

1842. The Government had rented a lot of ground, and two rooms in the
house, from Lieut. Wilkes, who owned the property, and had put upon it

a small building for protecting and working the Transit Instrument. There
was a small three or four inch Transit Instrument mounted ; also, a small
tliree or four inch Telescope, and under the charge of Lieut. James M.
GiLLiS, who was, at that time, very deeply interested in his work, and
most indefatigable in his observations. A series of Magnetic Observations
was also being conducted.

I do not know whether it has a histoi'y or record of its observations as a
Naval Observatory, now in possession of the Government, or not; but I am
sure it left a history as a Government Nautical Observatory.

Lieut. James M. Gillis generally had several young officers associated
with him in his labors, and had matters so arranged that by one relieving an-
other, a regular watch was kept, and in this way the observations were al-

most continuous. I recollect veiy well on one occasion Mr. A. A. Low,
of New York, a prominent and intelligent East Indian Merchant, and at

that time President of the Chaii.ber of Commerce of New York, came to
the Observatory at the time I iiappened to be on duty there, and he remai'k-
ed that he had Just come from England, where he had visitetl the Green-
wich Observatory, in which he felt a great interest ; that he had there met
Prof. Airy, who at that time was connected with the Greenwich Observa-
tory, and until Prof. Airy had told him, he had no idea that there was such
a thing as as an Observatory in Washington. He told us that the Profes-

sor gave him much information concerning the observations taken in Wash-
ington, but Mr. JjOW, not willing to admit his ignorance on the subject,

did not care to say much. The Professor told him that some very valuable
observations had been sent him by Lieut. Gillis, which proved of great ser-

vice to him, and he spoke of this little observatory we had in Washington
in most complimentary terms, and he also spoke in high terms of Lieut.

Gillis who had sent him such a large number of valuable observations
taken here.

It was in 1842 that I became attached to this little observatory. The ap-
propriation of §50,000 was made by Congress about that time to erect what
was then called a " Depot of Charts and Instruments" to be located where
it is now. This was the beginning of the present U. S. Naval Observatory
and most of the gentlemen present here to-night know the result. I must
say it is pleasant to me to recall these incidents and I think it of interest

to all Naval Officers to take part in these observations.
In the Summer of 1842, Captain Wilkes returned from his Exploring

Expedition, and required the use of the two rooms and the ground, for his

own particular worlc, which involved the necessity of moving.
The Navy Department rented a large double house which had a good sized

yard and garden, known as the "Forsyth House," located on the south side
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of Pennsylvania Avenue, near 24th Street, N. W., and nearly opposite to the
Columbia Hospital. This had been the residence of the Hon. John For-
syth when Secretary of State in the administration of PresidentVan Buren.
To this place the Charts, Chronometers, Magnetic Instruments, and the

all-important Meridian Transit, and the little Telescope were removed,
and good service performed for two years under the superintendence of
Lieut. M. F. Mauky, U. S. N., assisted by a corps of young Naval Officers.
About the time of removal from Capitol Hill to the " Foi'syth House,"

Lieut. GiLLis was detached and ordered to Europe to select and purchase
the necessary Instruments for the new Observatory and then returned to
superintend the erection of the buildings. In due course of time the In-
struments arrived—were mounted and adjusted, and in the Autumn of 1844,
full possession taken, and work commenced in the building known as the
U. S. Naval Observatory. This has continued ever since with most cred-
itable and useful results, conferring honor on the country and distinction
upon its several Superintendents and Officers associated with it.

One thing I shall say in regard to Naval Observatories, and it is this,
that officers who waste a great deal of time aboard ship and at stations, al-
ways apply themselves and become quite industrious when they arrive at
an Observatory. I know it has been my own experience. It has always
proved very interesting to me, for there is something about it which is

highly attractive and instructive.
1 had made a cruise at sea, during which time this Observatory had been

constructed and the instruments set in place, and upon my return I was
ordered there. I remained about fourteen months and during that time, I
must say, that I performed very laborious duty. Lieut. Sands was there then.
I well remember that we had to sit up all night every other night, and many
a morning I did not get home until day was breaking. Still I became very
much interested as also did the other officers. There were four of us in
one room, each seated at his desk in a separate corner, and we have worked
for hours together without saying anytliing whatever. So intently were
we engaged in our work, that we never thought of conversing.
At that time the present Admiral of the Navy, (Porter) took very great

interest in this institution. He had charge of the Equatorial and made
many inventions from time to time in connection with it. He made many
splendid drawings of the heavenly bodies, and until then I had no idea
that he could draw so well. I mention this fact to show the amount of in-
terest we all manifested in these observations and the improvements that
followed one another.

Prof. Newcomb. I think it is generally believed thai Admiral Almy
was one of the first officers engaged in marking longitude by telegraph.
It is thirty odd years since this was first done, and as there are so few now
living who assisted in this matter it would be very interesting indeed if the
Admiral would be kind enough to tell us how it was done in the beginning.
Rear Admiral Almy. It would not take long to tell just how we did it,

and I shall do so with gi*eat pleasure. Prof. Walker, known to most of the
scientific gentlemen of the day, and the public generally, as the publisher of
" Walker's Almanac," was appointed to the Observatory at the time when
Mr. Bancroft, then Secretary of the Navy, took such a great interest in
this matter. Correspondence was then opened with persons at Baltimore,
where a small observatory was located, at the time, to assist in the under-
taking. When we had arrangements completed. Prof. Walker and my-
self worked one transit instrument together all night. I recollect that he
asked my opinion on the subject, and talked frequently about it, and I re-
member very well the interest I felt in it ; and spoke of what a grand thing
it was. I told him I was only too glad to cooperate with him. We, how-
ever, got to work, I taking the transit observation, he marking the time.
The telegraph had then been brought to the Observatory, for the first time,
and as the stars passed the meridian I would notify him when he would
mark it down and telegraph it, whilst they were marking down the observ-
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ations and telegraphing them in Baltimore. Thus it was that the longi-
tude between Washington and Baltimore was tirst correctly ascertained
and it proved very successful. I believe that I took the tirst transit observ-
ations that were ever taken to establish the difference of longitude by tele-

graph. I do not know that any one had previously made observations in
that way. This was performed in the year 1840. I think a full account of
this achievement was published in " Walker's Almanac." I tried to ascer-
tain if there was anything on record or an account of observations taken at
that time, but was unable to find anything.

Prof. Newcomb. The Chronograph was not in use then, I believe?
Rear Admiral Almy. No sir; it was not.
Rear Admiral Rodgers. How did you arrange the transit observation?

Did you touch the wire when the star passed and Prof. Walker touch the
telegraph?
Rear Admiral Almy. Yes sir. And I think the reason that there is no

record of these observations is, that at that time there was no publication
touching upon this subject.

Prof. Newcomb. The Admiral has spoken in his paper of some means
that Columbus had for ascertaining the difference of longitude by the stars.
I do not know whether the incident is authoritative, but it is said that Co-
lumbus on one occasion, when troubled by the natives, told them that if

they did not behave themselves better the moon would disappear, and on
the night following there was an eclipse of the moon. Now Columbus
must have had some means for ascertaining this fact, or else it was quite
an opportune occurrence.
Rear Admiral Rodgers. He certainly had some table for ascertaining

that fact.

Prof. Newcomb. I suppose there was an Almanac at that time, suppos-
ing this incident to be an established fact.

Not quite connected with the subject of the paper read befoi'e us to-night,
but remotely connected with it, is a circumstance that will, perhaps, inter-
est every one here to-night. I understand to-day that Px'of. Stinger, Di-
rector of the Russian Observatory has concluded to come over here this
summer to examine the great telescope at the Observatory, the object
being to have one manufactured that shall surpass it. The Russian Gov-
ernment has already voted an appropriation of two hundred and fifty

thousand roubles for the purchase of a telescope, and negotiations are now-
being carried on with different makers for its construction. They have
not yet concluded who shall do the work, but their idea is to have one party
do a portion of the work and another do the other part. The polishing of
the glass, which is the most difficult part of all, is not yet definitely settled,
but they are inclined to have it done in Munich; yet before final arrange-
ments are made, the Professor, after coming to Washington, will go from
here to Cambridge and see what sort of a bargain he can make with Clark
and Sons.

Prof. Harkness. It is exceedingly gratifying to see gentlemen, occupy-
ing such high positions in the Navy, looking back with pleasure to the
period before the war, when they were connected with the Naval Observa-
tory. During the War, Naval officers were engaged with other things, and
in order to carry on the work of the Naval Observatory, many civilians had
to be employed. There was plenty of money for such purposes then, but now
economy is the order of the day, and once more naval officers take their
places at the Observatory. Some of the gentlemen say they like the work

;

that it is intei-esting and attractive to tliem ; while others assert that there
is a certain routine to learn, and after that is known, and the methods of
observing are acquired, the same operations are repeated day after day.
The whole work of the world is done just in that way, and yet I do not see
any other mode of accomplishing it. An officer, navigating a vessel every
day over the same course, gets only a certain amount of knowledge ; and
yet there was a time in the life of the most eminent man of the age, when
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he worked just in that manner, going over the same ground day after day.

The men who spend months upon algebraical and arithmetical operations,

and think they are learning nothing, tiud subsequently, when they are sur-

veying or navigating a ship, and strike upon problems outside the ordinary

routine, that they have gained a vast amount of information which they

could not have acquired if they had not gone over elementary principles so

often. They discover that when they encounter difficulties under diflferent

circumstances, without being in a position to have access to books, this

knowledge is of the utmost value. In that way the Naval Observatory
may confer great benefits upon the Navy, and the Naval officers stationed

there will obtain instruction that cannot fail to advance them in their own
profession.
In the present age fighting is becoming a science. What chance would a

navy, fighting in the old fashioned way, stand with one availing itself of

all the appliances of modern science? Take one of Nelson's ships, for

instance, commanded by Nelson's officers, and put her into a fight with our
modern vessels, and the result could not be,/loubtful,—the old fashioned

ship of the line would surely go to the bottom. Scientific instruction is of

the utmost importance, and I repeat, that I am greatly gratified to see offi-

cers, old in the Navy, recalling, Avith pleasure, the incidents of their youth-

ful service in the Naval Observatory, and I hope that we younger officers

will also look back in later years in the same manner.
Lieut. LoNGNECKEU. I would ask Admiral Almy if there was ever a

history written of the Observatory from its original foundation up to recent

years? I have looked around for such a history, but have been unable to

find it.

Rear Admiral Aljiv. I am not aware that there is such a book in exist-

ence. I think it would make a very interesting paper and this discussion

may have a tendency to bring about such a matter.
Rear Admiral Rodgeks. 1 thmk we have one at the Observatory. It is

put in the form of an appendix in one of the volumes containing observa-
tions tor the year 1875.

Lieut. Longneckeh. But what I refer to is a history of the Observatory,

the founders, appropriations and how gotten through and by whom, details

of the progress of the Institution. I have seen the pamphlet referred to by
the Admiral, issued as an appendix of the volume of 1875 containing obser-

vations made in that year, but when I say a history I mean the details in

connection with the institution from its foundation, how it origmated, etc.

Rear Admiral Almy. I think it originated about the time Capt. Gillis
was in charge himself. It occurs to me that there is a Congressional vol-

ume containing the first report. After Lieut. Gillis had completed his

work of erecting the Observatory, mounting the Instruments «&c., (&c., he
made a report, which was a very interesting one. It contained a history of

the appropriations made from time to time, his visit to Europe, the select-

ing of instruments, how they were constructed, what they cost, how mount-
ed and in fact everything connected with that part of the institution. He
made the report to the Secretary of the Navy and a call was then made on
Congress for it. Accordingly a certain number of copies were ordered to be

published and I suppose there are copies on file in Congress now.
Lieut. LoNGNECKEU. I think it would be a good idea to buy a copy of

that kind and place it with the other books we now have in our possession

for the use of the Institute. It certainly should be in our collection.

Rear Admiral Almy. I think I have this volume ; I know I did have it.

I now recall a very interesting event connected with the mounting of the

instruments and the purchasing thereof. Lieut. Gillis deserved a great

deal of credit for everything connected with his work. I know myself he
had to work very hard to get the appropriation through. The instruments
he purchased at the time were excellent ones in those days and we made
great progress with them in our labors, lie mounted them all success-

fully, 1 think, except the Nautical circle. I know that he used sulphur in
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the cement and it had the effect of blacking everything and consequently
the instrument could not be kept clear or clean. But finally another ce-
ment was used and it was mounted perfectly. After that it worked well.
I just mention this as one of the little incidents connected with this matter.
On motion of Lieut. Longneckek, the Chairman tendered the thanks of

the Institute to Bear Admiral Rodgeks, for his interesting paper.
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The war now being waged iu South America between Chili on the

one side and Peru and Bolivia on the other is of interest to naval offi-

cers because of the importance of the part which the navies of the two

nations play. The belligerents are separated by the Desert of Ataca-

ma, an arid waste of two hundred or two hundred and fifty miles

width in a north and south direction, which is without water or animal

life, and over which it would be difficult, if not impossible, to transport

an army. The sea, if commanded by either belligerent, offijrs, on the

other hand, a safe and easy means of transporting armies and sup-

plies.

The force in men and material of the two navies, for Bolivia, having

no merchant marine and few ports, has no navy, may be ascertained

by reference to statistical books on the subject. I have prepared, from

data obtained by Lieutenant R. P. Rogers, a table of the force of the

ships engaged in the fight at Iquique, on May 21st, and I have the

pleasure of forwarding this table herewith. It is well to state here,

also, that neither the Peruvian nor the Chilian navy has had much
actual sea service. It has been the custom of the Chilian government

to send a vessel from time to time to the straits of Magellan ; and,

within the past two years, the Almirante Cochrane, the sister ship of

the Blanco Eucalada (or Valparaiso, as she was first called,) has been

to England under the command of her present captain. The Peruvian

officers have had even less opportunity to perfect themselves in their

profession. With the exception of an occasional trip of the Union or
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Pilcomayo to Panama, the ships of the Peruvian service have not been

at sea.

Thus neither service is much better off than the other in sea service.

The Chilian officers, though, are generally more carefully educated

than their adversaries. Many of them have been instructed in the

special schools of England ; and they show, in conversation, a knowl-

edge of the implements of naval warfare, and the theory of their use,

"which is far ahead of that possessed by the Peruvian officers.

The cause of the existing war is briefly as follows: The territory be-

tween the parallels of 23° and 24°, with what inland limit I am un*

aware, was, until 1866, a part of Chili. In that year it was ceded to

Bolivia, certain stipulations concerning the revenue derived from the

ceded territory being agreed to. In 1874, there being some diffi^rence

between the two nations as to the execution of the old treaty, a new
one was made. This ti'eaty was no better observed than the first; and,

the discovery of valuable deposits of nitrate of soda in the neighbor-

hood of Antofagasta having made the disputed territory a source of

considerable revenue to its possessor, the two nations became involved

in retaliatory measures which ended in the occupation of the territory

in question by a Chilian army in the early part of the current year. It

is due, however, to Chili to say that she was moderate, until forced to

violent measures ; while Bolivia's course was, throughout, marked by

the violence of a semi-civilized nation.

There had existed between Peru and Bolivia a secret treaty which

pledged the assistance of the former in certain specified cases. Whether

any of the cases existed or not remains an open question ; but, from the

time when Chili first assumed a hostile attitude towards Bolivia, Peru

began preparations for war on sea and land, and permitted the trans-

portation of troops and war stores of the Bolivians across her territory.

Negotiations were at once opened between Peru and Chili ; and, the

latter being unable to obtain any guarantee of neutrality, declared

war against Peru in the early part of last April.

Peru, it may fairly be concluded, seriously meant to assist Bolivia.

Her interests are deeply involved in the issue of the struggle. The

great value of the nitrate deposits at and about Autofiigasta will en-

able the Chilian merchants who own them to compete in the market

with the Peruvian government, which owns nearly all the nitrate and

guano deposits in the country. The competition, too, will probably

result to the great advantage of the Chilians, as they work the mines

by private companies, whereas the Peruvians have made a government
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monopoly of theirs. This would be entire rain to Pern, as nearly all

her revenue is derived from the shipment of guano and nitrate.

At the time when tlie war was declared, the Chilian fleet, under the

command of Admiral Williams Rebolledo, had been at sea, enga!2;ed in

transportation service and the guarding of the army lines of supplies

for about three months. The fleet consisted of the sister ironclads Bhin-

co Encalada (flagship), and Almirante Cochrane, the corvettes Esmer-

alda, Magellanes, O'Higgins, Chacabuco, and the gunboat Covadonga.

The ironclads were in good condition and fit for any service; of the

corvettes, the Magellanes was the only one whose boilers were efficient.

The preparation of the Peruvian fleet was less advanced. All the ves-

sels were in Callao still, and the Huascar was the only one fit to

move.

A Chilian army of occupation was quartered in Antofiigasta, and

at other places in the disputed territory. The Bolivians, under tlieir

president. General Hilarion Daya, were at Tacna and Arica ; and the

Peiuvian army were at the same places and at Iquique.

The early measures of the Chilian fleet along the coast of Peru were

prompt and well judged. On April 5th, Admiral Williams appeared

off" Iquique, the town from which nearly all the Peruvian nitrate is

shipped, and declared the port blockaded ; warning all neutral vessels

to desist at once all operations of loading and unloading, and ordering

them to quit the port within ten days, upon pain of detention. On the

15th and 16tli of the same month, a part of the Chilian fleet went to

Huanillos and Pabellon de Pica, a day's run south of Iquique; and

fired upon and destroyed the chutes, platforms, and other machinery

for loading guano.

Thus, in ten days after the declaration of war, Chili had cut off" her

enemy's revenue, the expenses of Peru being paid almost entirely

from money received for the guano and nitrate shipped to foreign

countries. The property destroyed was largely English and German
;

but, as Peru received a sum down immediately upon the shipment of

each cargo, it appears that Chili did not go beyond her just belligerent

rights.

It must have been shortly after the events just recorded that a plan

of attack against the fleet in Callao was prepared by Admiral Wil-

liams. The attack was to be made at night, and it was desired that

the moon should be in a certain quarter. As everything could not be

got ready in the month of April, the attempt was abandoned until the

following month. Meanwhile, the Peruvians were landing troops at
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Pisagua, about forty miles north of Iqulque ; and were sending them,

together with provisions and supplies necessary for a long time, into

the last named place.

The Chilians did not blockade Pisagua. They contehted themselves

with going oft' the port from time to time ; and, on one occasion, when

the troops quartered there fired upon their boats, which were destroy-

ing the launches in the harbor, they fired upon the town and burnt a

large part of it. The neglect to blockade this port was a great mistake

on the part of Chili. It is only one hundred and thirty miles south of

Arica, the headquarters of the allied Peruvian and Bolivian armies;

and, from it, by the railroad to the nitrate deposits, it is easy to send

troops to Iquique, or to send supplies for those already there. To

those who are not, perhaps, altogether well-informed upon the matter,

it appears that the Peruvian army of four thousand men in Iquique in

the beginning of April must have been starved out, or driven to great

straits, before this time, if Pisagua had been closely blockaded.

An attempt to carry out the plan of Admiral Williams, which has

already been referred to, was made in May. On the night of the 21st

and 22nd of May, the Chilian fleet, consisting of the two ironclads and

four corvettes, appeared off" the harbor of Callao. One of the corvettes,

the Abtao, had been bought within a short time, and she was filled

with kerosene and other combustibles. No watch was kept by the

Peruvian vessels. They all lay at their anchors in Callao, with no

other demonstration of alertness than that they kept their ensigns fly-

ing all night. Boats from the Chilian vessels were lowered, and pulled

well into the harbor ; easily recognizing the positions of each one of

the enemy's fleet. But, to their chagrin, they found the Huascar and

the Independencia gone. It had been Admiral Williams' plan to run the

Abtao alongside the Huascar, set fire to her, and then, by the light of

the conflagration, attack the rest of the fleet with his rams and guns.

There is every reason to believe tliat tlie plan would have succeeded.

The Peruvian ships had, at the beginning of the war, lost liie greater

part of their crews, which were largely Chilian ; the loss had not been

made up; and two, or more, of the ships were unable to move because

parts of their machinery were on shore.

When day broke, on the 21st, the Chilian fleet was scon in line of

battle, with their heads to the south, oft Callao. The excitement in

that city and in Lima was intense ; the shore batteries were manned,

merchant vessels moved out of the range of the guns, and the Peruvian

vessels sought phices of safely under the forts. But Admiral Williams,
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probably unwilling? (o risk liis fleet uiidci- tlio fire of t1ie lioavy guns

on shore, for the chance of de.-li'eyiu^- the old, l»rokeii-(lu\\ n niouiiors

and wooden vessels, moved off to the south with his fleet, at noon.

Tlie Huascar and Independeiicia, in company with the transport

Oroya, carrying Genercil Prado, the President of Peru and the Com-
mander-in-Chief of her armies, had left Callao bay on the 16th. These

vessels presently reached Arica, and, hearing there of the absence of

tlie ironclads from before Iquique, though not knowing their wherea-

bout?, determined to attack the two wooden vessels blockading Iquique.

Accordingly, the Huascar and Independencia, under the command of

Captain Grau, commanding in person the Huascar, sailed from Arica

on the night of May 20th. After touching at Pisagua during the

night, to make sure that their information was correct, they appeared

off Iquique at daylight on the morning of the 21st.

The Covadonga, a wooden gunboat of about four hundred tons, was

outside, and reported immediately to her consort, the senior ship, that

the enemy's ironclads were in sight. Captain Prat signalled the Cova-

donga to take her position in his wake, and these two little vessels pre-

pared for fight. It was doubtless the purpose of Captain Prat, from

the first, to fight, though the disparity of force was so great. He could

not escape, because his vessel, as appears from Senor Uribe's report,

could not steam more than two or three knots, while the Independen-

cia's speed was twelve knots, and the Pluascar's perhaps eleven. The
Covadonga could probably have steamed seven knots.

At eight o'clock A. M., the Huascar fired a shot, which struck

between the two Chilian vessels, and the action immediately became

general ; the Huascar singling out the Esmeralda, and the Independen-

cia the Covadonga. After the firing had been going on for about an

hour, at distances varying from two thousand yards to perhaps one

thousand, the Covadonga steered to the south, the Independencia fol-

lowing her closely.

The Esmeralda remained in Iquique harbor, fighting the Huascar.

By this time the Peruvian soldiers had dragged a field battery down

on the beach, and had begun to fire at the heroic little vessel, at dis-

tances not exceeding four or five hundred yards. Thus, with the three

hundred-pounders of the Huascar on one side, and a field battery on

the other, the Esmeralda was forced to quit the position near the shore,

which she had taken to avoid a ram attack from the enemy, and go

further out in the bay. The time when this occurred, and the time

when the Huascar first rammed, I have been unable to fix satisfactorily

;
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but it could not have been far from half past ten, two hours and a half

after the beginning of the fight. It appears that Captain Gran was

detered from ramming by the fear of torpedoes, which he supposed

were placed around the Esmeralda ; and he rammed only when the

latter vessel was driven from the place which she had first occupied, by
the fire of the field battery on shore. The defence of the Chilian vessel

would have lasted a much longer time than it did, if the fight had been

decided entirely by the guns. The Huascar kept up a fire from all her

guns for four hours, and, during this time must have fired at least forty

shots Irom her two three hundred pounders
;

yet we have record of

only one of these shots which struck the enemy. This shot passed

through the side, burst in the engine-room, and killed every one of the

engineers.

The reply of the Esmeralda was most eflTective, as is testified by

Captain Grau ; but musketry and forty-pound shots are no match ior

seven-inch armor. Captain Grau is in error wlu n he speaks of the

mitrailleuse fire of the Chilians; neither the Esmeralda nor the Cova-

donga had machine-guns of any kind. The Huascar had one large

gatling, if not more; and the Indepeudencia had, probably, some kind

of machine-guns.

When the Esmeralda came out in the bay Captain Grau determined

to ram her. In the first attempt, the Huascar, steaming about eight

knots and steering N E., struck the Esmeralda, nearly motionless and

heading N., on the port quarter. The Huascar's engine was stopped

when she was about one ship's length from her adversary. The blow

was harmless. Captain Prat, followed by one man only, gallantly

sprang on the forecastle, and, sword in hand, rushed aft on the port

side of the deck, and was killed by a musket ball at the foot of the

turret. The command of the ship now devolved on Lieutenant Serrano.

The Huascar backed off, and made at the Esmeralda agai^i, this time

steering south ; the Chilian vessel presented her bow ; the Huascar's

engines were stopped too soon, and she struck the starward bow of her

enemy, doing little or no damage. Again a boarding party, headed by

the commanding officer. Lieutenant Serrano, leaped on the Huascar's

deck ; but only to be shot down. The third attempt of the Huascar

was better conducted. The head of the Chilian vessel had fallen off"

to W., and Captain Grau, steering S., going full ten knots and stop-

ping his engines when twenty feet from the Esmeralda, struck his ad-

versary squarely on the starboard beam. The Esmeralda sank with her

colors flying and guns firing.
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Surely there never was a better fought action. The heroic courage

and devotion of the Chilian sailors may serve as an example to all

navies. When we examine the preparations, and consider the conduct

of these men, we can hardly find anything that could be better. It is

evident that they hoped great things from boarding, but the shortness

of the enemy's coirtacts prevented any great number of men from get-

ting on board. Nevertheless there were not wanting officers of suffi-

cient daring to try what could be done in this way. The particulars

of the ram-attacks, I may here state, are as given by Captain Grau, in

conversation with Rear-Admiral Rddgers.

The Covadonga, meanwhile, was doing all that seamanship and

courage could do to get away from her huge pursuer. She led along

close to the shore, crossing shoal places, and actually, at times, almost

in the breakers. The Independeucia, with her I'aw, unskilled gunners

could not hit the little craft, though the vessels must have been within

two hundred yards of each other several times. Captain More fearing

that he could never end the affair with his guns, determined to ram
;

this he tried three times, and failed to accomplish. His third attempt

was matle off Punta Grueso, at a time when the Covadonga was not

one hundred yards from the beach. Steering about SSE., the lude-

pendencia aimed an oblique blow at the Cuvadouga's starboard quar-

ter, and, missing her enemy, struck a rock, and stuck fast. It ap-

pears, from the reports of both Captains More and Condell, that the

helm of the Peruvian ship was not ported in time at the critical

moment to avoid her going ashoi'e, because a lucky shot from one of the

Covadouga's seventy-pounders killed her helmsman. The only wheel

of the ludepeudencia was the ordinary one, on deck ; the Huascar had

a fighting wheel, which was under the little iron lookout tower of the

captain ; the latter is a few feet aft of the turret.

It must have 'been about 11.45 A. M., when the Independeucia

struck. Captain Condell, seeing at once the state of affairs, turned

his vessel, and, passing along the starboard side of the enemy, coolly

took his position astern of him and began to fire. The ludepeudencia,

after what interval I have been unable to ascertain, hauled down her

flag, and hoisted a flag of truce, as, indeed, she was obliged to do
;

for the enemy was deliberately firing into her, and she Avas unable to

return a shot, having fallen over on her starboard side, while all the

lower part of the ship was full of water.

Immediately after the surrender of the Independeucia, and before

she was taken possession of, the Huascar, which, having sunk the Es-
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meralda at 12.10 P, M., had remained to pick up the survivors of her

crew, came around the western end of the island which forms the south

side of Iquique bay. 'She was about ten miles off, and the Covadonga,

having evidently disposed of the Indcpendencia, took to her heels.

The Huascar, after speaking her stranded consort, to find out if there

was any immediate danger to the life of her crew, resumed her pursuit

of the Covadonga. This pursuit was kept up until dark, when Cap-

tain Grau, seeing that there was still ten miles between him and the

chase, and probably uneasy about the enemy's ironclads, whose posii-

tion was unknown to him, gave up the pursuit, and returned to the

Indcpendencia. This vessel it was clearly impossible to save, and she

was set on fire and burned.

The operations of the Huascar after the 21st of May are not of im-

portance. On the 26th, she appeared off Antofagasta, the headquarters

of the Chilian army, with the purpose of destroying the fresh water

condensers there and of doing any other possible damage. The Chi-

lians had three 150-pdr., Parrotts mounted in the tower, and these,

with the two 70-pdrs. of the Covadonga, which had been hauled to a

place of safety inside the reefs, drove her off. She received one

oblique blow from an elongated projectile below her armor and water-

line, which, if it had struck point first, might have caused her loss.

On the 30th of May, off Pisagua, she saw the two Chilian ironclads,

Blanco Encalada and Almirante Cochrane, and the corvette Magel-

lanes. These vessels chased her to the west and north for seven and a

half hours, but were unable to get near enough to use their guns. On
the third of June, the Huascar sighted two steamers, and approached

within four miles of them before she saw that they were the Blanco

and Magellanes. She was chased by these vessels for eighteen hours

and they succeeded in getting within four thousand yards of her at

one time. Fourteen shots were fired by the Blanco, but none struck
;

the Huascar fired four times, with no better success. In firing the

Chilian ship is said to have used her four forward guns; thus she must

have yawed about 20° on one side and the other of her course ; and,

perhaps, in this way, have allowed the enemy to escape. The Huascar

had no solid shot, and, for this reason probably, did not fire oftenei*.

It is stated by her officers that they would have engaged the Chilians

if they had had suitable projectiles. On the eighth of June, the Huas-

car reached Callao, without further incident.

On the 5th of July, she sailed again for Arica, having had her bot-

tom cleaned, and having on board a supply of good coal. Her cruise
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on this ocrasiou is instructive, as sliowing what a veesel which has the

advantage in speed may do in the face of a more powerful enemy.

She entered Iquique roads on the night of the 9th ; but did not find

there, as was lioped, the Cousena, or some of the weaker of the Chilian

vessels. Captain Grau remained some time in the bay, and commuui-
cated with tlie general in command of the army. As the Huascar was
going out at about 3 A. M., she met the Cousena, a slow and old col-

lier used as a transport. She forced this vessel to surrender; but,

before she could be taken possession of, the Magellaues and other

Chilian vessels were seen. With these the Huascar had a short run-

ning fight, and escaped into Arica.

She sailed from this port again on the 17tli of July ; this time in

company with the Union. These two vessels went to Caldera, Chaiia-

ral, Cavriyal, Bajo, and Pau de Ayucar—all Chili ports—and destroy-

ed tlie launches which are used in landing and shipping cargoes. They
captured, also, two Chilian merchantmen, loaded with coal and copper.

On the 21st, when near Antofagasta, they chased and captured the

Chilian transport Rimac. This vessel had been purchased by the

Chilian government from the South American Steamship Company at

the beginning of the war. She is a new iron screw-steamer, of eigh-

teen hundred tons ; and had on board, at the time of her capture, the

Yungai battalion of cavalry, consisting of about three hundred men
and two hundred and fifty horses.

To complete the narrative of the hostile operations on both sides to

the present date, there is only one more event to record. This is the

bombardment of the town of Iquique on the night of the 16th of July.

It is well known to everyone in Lima, and presumably to the Chilian

admiral, that three Lay torpedoes, with their apparatus complete, and
an American expert to operate them, have been sent to Iquique. On
the night of the 16th the lookouts on board the Blanco, then lying at

anchor in Iquique, saw what they supposed were torpedoes. The iron-

clad opened fire upon these objects ; and, immediately afterwards,

when the objects had probably disappeared, upon the town of Iquique.

Forty-four shots were fired : a number of people, non-combatants and
others, were killed, and some property destroyed. The consular corps,

acting as a body under the chairmanship of their dean, addressed a
letter, the next day, to Admiral Williams, protesting against the bom-
bardment, on the ground that it was an act of barbarism, and was un-

justifiable by the modern law of war. To this the Admiral replied

that the town was in a state of defence, Avas garrisoned by some thou-
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sands of Peruvian soldiers, had fii-od upon the Esmeralda when she

was engaged with the Huascar, and, finally, that the suecesslul appli-

cation of the torpedo directed from the town would have caused the

death of a large number of persons who were quite as defenceless as

the people of Iquiquc.

With these unimportant results the people of the two countries seem

fairly well content. The number of men under arms bears a very

large proportion to the i)opulation, and the war must eventually end

from want of money if something is not done. Chili has some ten or

twelve thousand men in and near Antofagasta; Peru and Bolivia have

fifteen or sixteen thousand at Arica, Tacna, Pisagua, and Iquique

;

between the two hostile armies lies the almost impassable desert of

Atacama. Under such circumstances it appears not improbable that

Chili, if her finances can bear the strain, having now what she took up

arms for, may adopt au inactive policy; aud may leave Peru to make

the aggressive movement.

In conclusion, I have to state that the reports of Captains More and

Grau, which are appended, were translated by Commander Terry and

Lieutenant Mason ; the principal outlines of the diagram of the fight-

ing in Iquique harbor are taken from a drawing made by Cadet-Mid-

shipman (Smith, under the direction of Captain Breese ; the report of

Captain Condell, of the Covadonga, and a part of that of Seiior Uribe,

the senior surviving ofiicer of the Esmeralda, are also appended. I

regret that fuller Chilian accounts could not be had ; the writer, how-

ever, has heard several Cliiliau oflicers, and some eye-witnesses to the

affair, converse about the details of the fight in Iquique harbor, and

believes that, as far as it goes, the recorded account is correct. It will

be observed that there is a difference in the reports of Captain Grau

and Senor Uribe as to the time when Captain Prat boarded ; the report

of the Chilian officer has been adhered to in the narrative. The dia-

gram of the ram attacks of the Huascar, and of the fighting in Iqui-

que harbor, is known to be accurate in all points but one. This is the

course which the Huascar steered as she returned to the second and

third attacks. These are unknown ; and as they, in themselves, are

not very essential, they have been assumed, the position of the Esme-

ralda, and the direction of the heads of the two vessels in each one of

the tliree attacks being known.
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Report of Captaiu Gran, commanding the Peruvian ironclad monitor

Huascar.

Headquarters of the First N.ival Division.

At anehor, Iquique, May 22nd, 1879.

To His Excellency the Director-Gencvnl of AV.ir.

In compliance witli verbal in?;tractions received from j'on T woinjhed an-

chor at Ariea in tlic rirsl niirht watch of the 20th instant, with tlie mtmitor
Huascar and the frigate Indep(md('ncia, hotli vessels bcdonging to the naval
division under my comm.ind ; and I have tlie Iionor to give you an account
of tlie events which have ncem-red up to this date.

On the passage from Ariea to Iquique, I thought it advisable to stand in-

to Pisagua. Tins I di<l at 4.20 A. M., of the 2Ist, in order to enquire for

any news relating to the duty wlacii I was to perform at Iquique. I there

learned from the captain of "the port, who showed me a telegram from the

prefect of the department of Larapaca, dated tiie lOtli instanr, that the cor-

vette K^meralda, the gunboat Covadongn.. and the transport Lamar, vessels

of th(^ Ciiilian squadron, constituted the blockading force off Iquique.

As we appi-oached fquique, I s:i\v three steam vessels: and soon could
make out among them the Esmeralda and Covadonga. These vessels got
under way, and took up defensive positions; while a steamer bearing the

United States Hag (probably tiie Lamar,) stood out of the port for the

south. The promptness witli which she madeotf, and my then distance of

five miles from the port, taken togetlKsr with tiie speed necessary to over-

take lier, decided me to confine my operations to the two vessels first

named.
Having arrived, in (he Hnascai-, at about two thousand metres N. W., of

the enemy's anchorage, I directed that our colors should be secured, and
ordered tiie ludependencia, then ajiproaching from a distance about five

iniles to the north, to prepare for combat.
The enemy's vessels occupied positions a cable or a cable and a half from

the beach, opposite tlie nortii end of the town, in order of battle; tlie Co-
vadonga astern of the otiier, ;ind both witli their heads to the north; so

that they vrow between us and the town. It was 8.20 A. M. of the 21st.

From this time began the fight between the Huascar and the two vessels

of the enemy; thirty minutes later, the Independencia joined, and opened
fire. Our shot, liowevcr, owing to the swell at the entrance to the liarbor,

could not be well directed; while the aim of the enemy was generally
good, both in direction and elevation.

After the first hour, the Covadonga left the harbor, skirting, the island

which encloses the west [S.W.] part, and attempting to get away along
the coast to the south by keeping close to tiie shore. Seeing this I ordered
the Independencia to pursue her; remaining, of coarse, with the Huascar,
to tight the Esmeralda,.

Wliilst the Independencia pursued her course, observing the uncertainty
of my fire, from tlie cau-^e already mentioned, I decided to attack the Es-
meralda with my ram. Having been informed, however, by Commander
don Salome Terras, the captain of the port, and by the pilot of the port,

Guillermo Cliecle, botli of Aviiom had been on board since tlie beginning of
the fight, that tin; enemy was protected by a line of torpedoes in front of

him, I determined to direct my vessel against iiim by passing between him
and the siiore by the south, in order to dislodge him from the zone in which
he manoeuvred. But, seeing that he moved to the north, leaving that zone,

I changed my plan, and steered directly fin- the center of his hull, with a
speed of about eight knots. Hawng accomplished half the distance, I

stopped the engine; and tlie Esmeralda, sheering to avoid a direct blow in

her side, received it on liia" port quarter and in a very oblique direction.

The spur glanced; its cflect was of little moment; and the vessels re-

maineil foul of each other until the Huascar backed ofl".



474

I attacked figtiin, witli the same speed as before; but the Esmeralda pre-
sented lier bow, and thus a/ain avoided a direct blow. These two blows,
however, had considerably dania.iied her.
On both occasions, as the vessels approached each other, and -while they

remained togetlier. we received a continnons fire from tlie mitrailleuse in
the enemy's tops, from small-arms ami liand ci'fiades, and bro.-idside dis-

charges from the great
.
guns. Tlie armor well protectcMl the ship and our

people from the effects of such a sl<illful tire, many of tlie sliots of which
struck our turret, others penetrating in m.-iny parts of tlie wood and iron.

I w:^ enabled to keep up equally well the lite of our great guns and small
guns.

Finally, I rammed for the third time, with a speed of ten knots, and suc-
ceeded in striking amidsiups. At this blow the Esmeralda sank and eom-
Jletely disapj^eared, leaving afloat pieces of her hull and some of her crew.
t was now I'2.10 P. M.
The Captain of the Esmeralda, together with several of his crew and one

of his otHcei-s, boarded on our forecastle as she went down, and. in defend-
ing ourselves against this attack, they perished, victims to tludr own in-

trepidity. I imniediat(dy ordered all liie boats of the ship to save tlie

drowning; and succeeded in picking up sixty-three, all Avho survived this

obstinate resistance.
I cannot refrain from calling your attention to the sad loss of brevet 2nd

Lieutenant don Jorge Velarde, and to tlie conspicmous gallantry wliicii this

oiKcer displayed at his station on deck at the colors; where he fell, a vic-

tim to his own coolness and valor.
Having finished rescuing the drowning in the port of Iquique, and with

those saved on board. I steered towards (Jaueso Point, south of Iquique,
intending to aid the Independencia in the capture of the Covadonga. I ob-
served that the latter, when she observed the movements of this ship,

stood away with all speed, heading south; Avhile the Independencia appear-
ed to be ashore, as she remained in the same position. The more Ave
advanced, the more clearly we comprehended that the latter was aground.
Idetermined, however, to continue the cliase of the Covadonga; this I

did foi' three hoars, Aviien I b(!came convini-ed that the ten miles which
separated us could not be overcome before sunset, ;ind I believed it better
to abandon the cliase and return to the aid of the Indi'pendencia.

I then found that the frigate was a total loss, and I ordered my boats to
bring off her people, and tiiat the ship should be set on (ire.

The details relating to the loss of the frigate appear in the accompanying
report of her commander. He, Avith his subordinates, take passage in the
Chalaco to j>lace themselves under your orders.

I returned to Iquique, .and sent the prisoners on shore to the command-
ing general of the army tliere; the wounded were cared for, and tiie dead
were buried.

Fi"om prudential motives, I stood out to sea. Avitli the object of passing
the niirbt under steam, reconnoitring in tlit! neiglilioiliood of the port; and
atdaylight I sighted the Chabico, Aviiich was at l^isagua. I communicated
with her, and directed Jier to finisii her commission at the port of Iquique,
deeming it more convenient.

I am now coaling; taking coal from the Chalaco, from shore, and from a
captured launch, Avith tlie purpose of following out your instructions.
In conclusion, I have the satisfaction of assuring your Excellency that

evei-y individual of tin; Ilnasear's crew, under my command, did his duty.
All of which I have the lionor to bring to your notice as the incidents Avhich
have occurred up to the present moment.

God kwp your Excellency.

JIlGUEL GkAU.
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Report of Captain More, coraraauding the Peruvian ironclad Inde-

peudencia.

Iqniqne, M:iy 22nd, 1879.

To the Capt;iin Commanding the First Naval Division.

Sir:

In accordance with the orrlers received from yon, T left Ariea on tlie 20th
instant at 8 P. M. ; when off" Pisagna I awaited your vessel, which had en-
tered that port.

At 4 A. ]\I., of the 21st, I Avent ahead full speed in your company, keep-
in a short distance from the coast, until 5.30 A. M., when we came in siirht

of the port of Iquique; the Ilnascar Avas, at this time, about two miles
ahead of me. At 7.30 A. M., Ave made out in tlie port, very close to the
shore, three steamers, Avhicli we recognized as the Chilian sloop-of-Avar
Esmeralda, the gunboat Covadonga. and a transport.
At this time, tliey Avere steering"to the south; but. seeing that tlie Huas-

car Avould cut oft" their escape, they turned, the Esmeralda steering north.
At this moment your ship opened fire on the Covadonga and I ordered my
batteries to open on the Esmeralda. Taking advantage of these circum-
stances, tlie transport iieiuled south, going at full speed. "The fight Avas thu3
commenced. The Iluascar. heading around, next directed her fire at the
Esmeralda. The Covadonga attempted to escape, hugging the island. I

steered in tiie same direction, in order to prevent her. T could not accom-
plish my object, because, Avhen she arrived off" the isl.and, the Covadonga
kept close to the dangerous places, and I could only follow her.
Seeing that the enemy Avas making the best use of the .advantage his

light draft gave Inm, I tried to get in-shore of him, and force him to go
further out or to turn back. This I attempted in the first cove of the b.ay

of Chenraiiate, turning my bow to the north and firing my starboard broad-
side; l)ut th(^ Covjulonga continued to steer south, slipping from cove to
cove. I could continue the combat only by following the enemy; Avho kept
close to the coast, dodging from shoal to shoal, and running in Avater so
shallow that tlie Independencia followed with great difiiculty.

The fight li.ad now lasted more than three hours. In vicAV of this, and
the uncertainty of the practice of my gunners—they being all raw hands—

,

and the efl'ect produced by the Avell-sustained and Avell-directed small-arm
and mitrailleuse fire of the enemy, Avhieh kept our crew below, I deter-
mined to use the ram. Tiiis I did twice, Avhen circumstances permitted it;

but. presently, finding shallow Avatei-, Avas obliged to lianl off. The enemy
Avas thus enabled to incre.ase his distance.
When close to Punta Grueso, I determined to attack again with the ram,

to pen her up in the bay; the soundings gave eight and nine fathoms, and
the chart show(Ml the bay clear of obstructions. At this moment, noticing
that she hugged the shoals of the point more closely, I ordered the helm to

be put to port, in order to pass her .and attack adA\antageously on the other
side. This I could not accomplish Avilh the necessary c(derity; because, at
this moment, three helmsmen Avere Avounded by the Avell-sustained mitrail-
leuse and small-arm fire which the enemy kept up from his tops. T gave
the onhu' to ba'jk full sp(!ed : the lenlsmen continued to give the same
souiulings outboard—namely five fathoms of water. At this moment,
Avhen the ram toucOied the Covadonga, a scA'ere sliock Avas felt, and the
frigate remained stationary. She had struck a rock Aviiich is not marked
on the chart; for it is north of the last Avhich appears on it.

By the first blow, the vess(d became filled Avith AA'ater, the fires Avere put
out, and the boilers Avere broken from the np-takes; and, by a second and
third shock, the other sections Avere flooded. The ship fell OA'cr on her
starbo.ird side, and the water came in throua:h the battery ports. Notwith-
standing our condition, the Covadonga, p.assing to starboard fired her guns;
our guns answered, witii the water almost over them. We continued to
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fire with tho mitvaillense and rifles, the crew being ordered on deck, until
the ammunition was expended; we being unable to get any more, because
the sliip was full of water.

Tlie Covadontja continued firing slowly; one of her shells carried away
the spanker gaft", wiiere the flag was hoisted. I immediately ordered it to
be re-lioisted on another halliard.

After striking I liad soundings taken all around the vessel. The
soundings gave fnmi five and a half to six fatlioms; which proves that the
roclv we struck stands alone, and at a distance from the shoals off the
point.
When I was satisfied that all attempts to save the vessel were useless, I

ordered the magazine to be fired. Tiie ofllcer ciiarged with tliis duty tried
to fulfil it; but it was too late, for tlie water, which was coming in in tor-

rents, prevented him.
_
Feeling that it would be impossible to prevent nearly all the crew, [con-

sisting of UKUi unacenstcuned to man-of-war discipline, embarked only a
few d.iys before we left Callao], from jumping overboard, and running tlie

risk of drowning. I ordered all tlu? boats to be lowered to take the people
ashore, collecting in the first all tiie wounded and placing each boat in
charge of two ofiicers, so that they miglit return for tlie rest of tlie people.
Finally, I ordered my second in command. Commander Raigada, to organ-
ize tile people on shore, and to send back the boats. This latter, however,
was not (lone, as they were all destroyed in the surf in getting ashore.
Without doul>t, had tiiis not occurred, all the crew would have been

saved, as tliei-(! remain'jd with me on board only twenty persons. Among
these wer(^ 1st lieutenants don Peilro (iaseron and don ]\Ielclior Ulloa, '2i*d

lieutenant don Alfredo de la Haza, I'^nsign don Ricardo Hcirrera. jNIidship-
man don Carlos Elespuru, the correspondent of tin; "Comercio," don Jose
Rodolfo del Cami)o, Doctor don Enrique Basadre, and Clilef Machinist don
Tomas Wilkins and his assistant.

Later, the vessel under your command approached us. and sent three
boats to transport those wiio remained in tlie frigate. This was not done
until, finding that we could not set fire to the ship, we spiked the guns and
threw the small-arms overboard.

I send you also a list of the killed and woijnded on board the frigate un-
der my command during the action.

It remains now only to bring to your notice the good conduct of the other
chief ofiicers, officers, and crew of the ship; all s'howed bravery and cool-
n(!ss tlirougliout. and did not leave, for an instant, their stations.

I ordered the second in command to superintend all parts of the ship dur«
ing the action; tiie third in command to tnke cliarge of the batteries; and,
as li(^ Avas placed hors de combat by one of the first discharges of tho enemy,
I repla(!(id him by Conim:uider don Jose Sanchey Lagomarsino, who was on
board as chief of th(! detacliment of volunteers; and who. up to tiiis time,
had iieen at my side, with 1st Litnitiunint don Narciso (larcia Y Garcia,
Signal-OlUcer Salaverry, :uid my aid, 2iu\ Lieutenant don Enrique Palacios.

1 will not close; witiiout informing you that one of the last ritle shots of
the enemy instantly killed don Guillermo Garcia Y Garcia, one of our most
intelligent naval ollicers.

God keep you.
Juan G. Moke.

Report of Captain Condell, commanding tlie Chilian guuboat Cova-

donga.
On board the irunboat Covadonga,

Antc^fagasta, May 27, 1879.

I have tho honor to report to you the fight which took place bc^lween tliis

vessel and the Esmeralda [which had remained to sustain the blockade of
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Iqm'qne, aftei* the departure of the HdniiraVs ship and the rest of the squad-
ron], with the Peruvian ironclads Iluasoar and Independencia.
At about lialf past six in the morning of the 21st instant, wliile we were

guard-ship outside of the port, we saw, to the north, tlie smoke of two ves-
sels, whieh, soon afterwards, we recognized as the two ironclads just men-
tioned. I immediately signalled this to the Esmeralda, wjio signalled us
to " follow in iier wake;" and we prepared for action, and wi'Ut out to fight.

Eight o'clock was striking when a projectile, fired by the Huascar. struck
between our two vessels, which were within hailing distance. The fiirht

then began ; we opened our fire; the Huascar steered for the Esmeralda,
and the Intlependencia for the Covadonga. In view of the superiority of
the enemy, which was increased by about thirty boats which stationed
themselves along the beach, and seeing tliat. whatever efforts we might
make within the port, it would be difficult, if not impossible, to conquer or
escape from an enemy ten times more powerful than ourselves, I deter-
mined to steer to the south, keeping as close to the coast as possible.

Meanwhile, the Esmeralda remained fighting in the poi-t. During four
consecutive hours, we received the fire of the Independencia. Several
shots struck us, one went through the skiff and its davits, the main shrouds,
and the foremast. I'liree times she approached us right astern to sink us
with her ram. In the first two. she did not dare attempt it. whether from
fear of the shoalness of the water, or of the well-sustained cannon and
musketry fire which we kept up; siie. all the while, replying to this latter

in kind, antl with, besides, her mitrailleuses from the tops. The third at-

tempt, it seemed to us, must be decisive; but, at two hundred and fifty me-
tres distance from our stern, we gave her some 70-pdr. shot, which caused
her to steer towards the shore, and ground on a shoal that we had bumped
over.
We steered so as to place ourselves under the enemy's poop, where she

could not fire at us. Passing by him, we fired two 70-pdr. shots, to which he
replied with three shots without striking us.

As we saw the standard and Peruvian cohu'S of the ironclad hauled down
from her mastheads, and the parliamentary flag replace them, the crew
cheered enthusiastically I came within hail of the surrendered ship, whose
captain told me that he had hanled down his flag, and asked me to send a
boat aboard him. This I could not do, notwithstanding my desire to do so,

because the Huascar, which we had left at Iquique, was approaching.
Meanwhile, the crew of the Independencia were abandoning their vessel,
and going ashore, some by swimming, and others in boats.

As .my engine was working with only five pounds pressure, and as the
vessel was making water fast through the shot holes she had in lier, I

thought it inadvisable to take possession of the surrendered fi igate; and I

therefore retired to the south, having the full conviction that the Indepen-
dencia would remain fast.

The Huascar, which, as I have said, I left fighting in Iquique roads now
approached us under all steam. I took precautions to prevent a second at-

tack, which, from our shattered condition, .it appeared impossible to avoid.
We got up some solid shot, and the crew were; given rest, after their five

or six hours fight with the two ironclads. Shortly after, and when the pur-
suer was about six miles from us, and on the quarter of the surrendered
ship, I saw him steer towards the latter. This enabled us to get away from
him a little more; but, not long after, I saw him again steering for us, at a
distance of about ten miles.
When night came on. we lost sight of him. and, in order to take advan-

tage of the breeze which was blowing, I steered to the west, i continued
to steer in this direction intil midnight, when believing that the Huascar
must have ceased her pursuit, I steered for the coast. We went into Toco-
pilla, where we made, with the help of the carpenters from the shore, the
repairs which we most needed. We started south again in the morning of
the 24th, touching at Colija at half past one P. M. Here, we met the steam-
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er from the North, which took the paymaster and tlie wounded to Antofa-
gasta, with orders to send a steamer to onr assistance; for we conld not
steam more than two knots, and the vessel was still makins; a great deal of
water. Twenty miles from Antofatrasta, the Rimac took us in tow, and
brought us here, where we anchored at 3 A. M., of the 26th.

Caklos a. Condell.

The following is taken from the Chilian Times of June 7th.

The Last Moments of the Esmeralda.

The official report of the second commandant of the Esmeralda, don
Luis [Tribe, has been publislied. Most of the particulars related have al-

ready appeared, but the following corrects some of the details liitherto to
hand, and will be read with interest. We may premise that, on taking up
her position, two of the boilers of the Esmeralda gave out, which reduced
her speed to two or three miles an hour. This is the best proof of the con-
dition the heroic little vessel Avas in to meet her gigantic adversary.
Senor Uribe says:—"The Huascar, seeing the ill-elfects of her shots,

proceeded to ram the Esmeralda. Our reduced speed prevented Captain
Prat fi'om evading the blow, and the ram struck us on the port side oppo-
site the mizen mast; while the turret guns, discharged while the yards were
touching, made terrible havoc among our crew. Captain Prat, who was
on the bridge from the beginning of the engagement, sprang on the bows
of the Huascar, shouting, at the same time, to board her. Unfortunately,
the noise produced by the broadside directed at the Huascar, prevented his

voice from being heard ; and, of those who were on the bridge with him,
only the sergeant had time to follow, such was the rapidity with which the
Huascar withdrew her ram from our side. I was on the forecastle, and,
from there, had the grief of seeing the brave Captain Prat fall, fatally

wounded, at the very foot of the turret of the Huascar.
_

Upon this, I took command of the vessel. We continued to fight point-

blank without our projectiles having the least effect on the enemy, whilst
his committed dreadful havoc; our decks were strewn witli corpses.

Again the Huascar returned to the charge, aiming direc^tly at the middle
of our vessel. I endeavored to avoid tlie shock, but the Esmeralda moved
so slowly that it was impossible, and we received the second ram on the
starboard bow. On this occasion, Lieutenant Serrano, wlio was on the fore-

castle, sprang on boai'd the Huascai-, followed by about twelve men. On
the latter's deck, not an enemy was to be seen, but from the turret and poop
defences poured a deadly fire of musketry and mitrailleuses.

The gallant Lieutenant Serrano, and nearly all those who went with him,
were shot down ere they had advanced many paces. The speed with which
the Huascar retired, and the slowness of the J^smeralda to lay alongside,

which was the only way by which our men could get on the enemy's deck,
rendered all attempts at boarding impossible. Bj'^this time, our crew had
greatly diminishecl. Upwards of one hundred were hors de combat, the

powder magazine inundated, and the engine disabled. The few cartridges

that remained on deck served to give tlie last broadside, on our receivFng

the third ram of the enemy. Midshipman Ernesto Riquelme, who behaved
himself bravely throughout the action, fired the last shot; he was not seen
afterwards, and it supposed that he was killed by one of the last shells of
the Huascar.
A few minutes after being rammed the third time, the Esmeralda went

down with all her crew, and with her flag still flying from her mizen mast-
head; fulfilling thus the desires of our unfortunate conimnnder, who, on
beginning the battle, said : 'Boys, tht; contest is unequal. Our flag has
never yet been lowered before an enemy, and I hope this will not be the
occasion when it shall be done. Whilst I live, that flag shall keep its place;

and if I die, my officers will fulfil their duty.'

"
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TORPEDOES—THEIR DISPOSITION AND RADIUS OF
DESTRUCTIVE EFFECT.

By Lieut. Commander C. F. Goodrich, U. S. N.

The thorough investigation of this subject has as yet to be made.

Although experiments bearing upon it have been instituted and carried

out in various quarters and in large numbers, no one has collected

them and determined their joint value, mainly for the reason, that in

but few cases has the same plan been followed, or have similar meas-

urements been adopted, so that what might have been useful data

are not comparable.

For instance, some experimenters have used pressure gauges to

register the force of submarine explosions in foot pounds ; others have

measured or estimated the height of the column of water ejected
;

others, both its height and the diameter of its base ; others, the size of

the crater formed in the mud at the bottom; others, again, the effect

on hulls and floating or submerged targets of various builds and mate-

rials. These measures are all more or less valuable, but the connect-

ing links between them are still unknown. What relation exists

between a blow of five thousand lbs. to the square inch at a horizontal

distance of ten feet from a centre of explosion as many feet below the

surface and a crater nine feet broad and four feet deep in the bottom

twenty-five feet below ? Or how know that a shock which makes a

hole fourteen feet square in a wooden frigate will not sink the Hercules f

Such are some of the preliminary questions to be solved before it will

be possible either to predict the exact effect, the circumstances being

given, or to accurately adjust the means employed to the end sought.

Let us prepare for a consideration of certain experiments by attempt-
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ing, as far as may be, to obtain a notion of the phenomena accompa-

nying an explosion, bearing in mind the possible necessity of future

revision.

In the first place, there is formed a spherical wave of compression,

propagated equally in all directions, followed later by a wave of

rarefaction ; the former, due to the sudden genei'ation of gas, and the

latter to the subsequent return rush of the displaced water. It is the

shock of this wave which, doubtless, occasions the rupture of torpedo

cases planted close at hand, which cuts their cables and breaks their

joints and connections. The energy upon the unit of surface of this

wave decreases as the square of the distance increases, so that its effect

ceases to be dangerous at a comparatively short distance, about six

times the radius of destructive effect, according to Stotherd.

In the second place, at the sanie instant the products of the explosion

form a sphere of gas at a very high temperature and under enormous

pressure. This seeks relief in all directions, finding it, principally,

along the line of least resistance. Ordinarily this line is vertical and

it passes through the centre of the disturbed area on the surface. An
outward sign of the work performed by the explosion is the column of

water driven to a height dependent mainly upon the size of the charge

and the immersion. This height occasionally exceeds four hundred

feet. If, at any point within the spherical surface containing the gas,

a ship's side or bottom should be found offering less resistance than that

of the water vertically over the centre of explosion the hull will

inevitably yield under the blow. It is readily seen that the more

remote the hull is from this vertical axis, the greater will be the ves-

Bel's chance of escape.

The distance measured on the surface from a point vertically over

the centre of explosion to the side of the vessel, when the latter is just

within the area of danger, is called the radius of destructive effect.

This definition is independent of any opinion we may form as to the

justice of a somewhat general belief, that the circumference of the

violently disturbed surface area is the line of division between danger

and safety.

In the third place, immediately following the first report or shock,

a second and less powerful one is often noticed, due to impact with the

bottom of that portion of the gas sphere which has expanded down-

wards. This effect is, of course, most striking in shallow water. The

first upward rush of the clear water originally over the torpedo, now

gives way to muddy water, stirred up at the bottom by the secondary
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shock, and carried along by the inward and upward draught into the

partially rarefied space formed by the condensation of certain gaseous

products of explosion, as well as urged by the positive action of the

uuder wave after rebounding from the bottom.

While the energy of the explosion is thus divided into two parts, it

is only that part which is instrumental in causing the water column

and the circular disturbance area that we need consider with reference

to the effect produced on vessels.

It has been found that this effect is influenced by several conditions.

They may be indicated in the following general terras.

1st. The nature and condition of the explosive employed.

2nd. The strength and shape of the containing case, if the ex-

plosive be nou-detonating.

3rd. The nature and mode of ignition.

4th. The immersion of the torpedo.

5th. The depth of water.

6th. If a ground torpedo, the nature of the bottom.

To illustrate briefly under each head,

1st. Gunpowder has but a fraction of the power of certain other ex-

plosives, and the latter are seriously affected by their physical or me-

chanical condition as, for instance, loosely or tightly packed. Again,

quick burning gunpowder gives better results than slow.

2nd. Unless the explosive be susceptible of detonation when but

slightly confined, a certain amount of tensile strength is necessary to

the complete combustion of the charge and the consequent thorough

development of its store of energy. Thus the, English vary the

thickness of their wrought iron cylindrical cases with the charge as

follows :

—

Mine of 100 lbs. .109 inch thickness of case.

" " 250 " .188 '' " " "

" " 500 " .25 " " " "

" " 1000 " .5 " " " "

These thicknesses they believe to be rather under than over the

proper value.

The Dutch torpedo cases are even heavier than the English though

of the same material and somewhat similar shape. Very careful ex-

periments have led to the adoption for the

Mine of 100 kilos. (221 lbs) of a thickness of 5 m m (.2 in.)

" " 190 " (419 "
)
" " " " 8 " " (.35 in.)
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Cceteris parib^is, the spherical shape has been shown to permit the

greatest development of the energy of explosion of gunpowder.

3rd. The explosion of a charge may be effected either by simple

ignition or by detonation. If the former be employed, it has been

found that large charges require several centres of ignition, so arranged

that rupture of the case shall ensue, as nearly as may be, at the mo-

ment when the combustion is complete.

Major Kiug thinks that the complete combustion of powder extends

not farther than thirteen inches from the centre of ignition in tin cases.

I am confident that he has, if anything, rather understated the truth.

It is well to bear in mind, that intervals of time so slight as to escape

observation and measurement may be, and doubtless are, in torpedo

explosions, factors of vast importance in the result achieved.

4th. Assuming for the purpose of illustration that the water col-

umn is an index of the available energy of explosion while not strictly

a measure, it is evident that, at the surface, a torpedo will cause no

column whatever. Immediately beueath the surface, in place of the

column there will be a mere cloud of spray. If the immersion be

gradually increased, the height of the water column will also increase

up to a certain point, the maximum for that charge. An increase of

immersion is now followed by a rapid decrease of the height of the wa-

ter column. It is not positively demonstrated, although there is good

ground for supposing, that the best immersion, of a torpedo of given

charge is that corresponding to the maximum height of water column,

since, apparently under those conditions only, is the greatest fraction

of the energy of the explosion expended in causing actual displace-

ment of the overlying water. It is, in any event, true that if the im-

mersion be too great, the explosion is muffled and its energy is taken

up by the large body of water over it. And here let me remark that,

practically, the body of water over a torpedo is a cone whose apex is

the centre of explosion and whose base is the disturbed circular area at

the surface.

5th. The depth of water has its bearing upon the general result

when so slight as to permit the wave of rebound already mentioned to

reinforce the upward wave. When the distance from the torpedo to

the bottom is zero, or, in other words, if the torpedo be a ground torpe-

do, the two waves combine more or less, causing an effect usually esti-

mated at nearly twice that of a buoyant torpedo containing the same

charge.

6th. This rebound of the under wave being of the nature of a re-
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flection, it follows that the reflection will be greatest on very hard,

elastic bottom. If the bottom be soft and inelastic, a considerable

fraction of the energy is wasted in digging ont great holes in the mud,

to which the name of craters has been given.

It is proper to call attention here to the report of a series of experi-

ments made at Willet's Point in 1865, by Major King of the En-

gineers, which is quoted by Barnes. This was the first attempt at

reaching quantitative results. King used pressure gauges to register

the ibrce of submarine explosions, varying the conditions of depth and

size of charge, distance of target and mode of ignition. He demonstra-

ted beyond cavil the inability of an air chamber to give direction to

an explosion (a theory then advanced by Wood and Lay and Erics-

son) and the value of multiple ignition of gun powder. An extension

of this method would have doubtless revealed the exact nature of the

relation between charge and effect. That Major King was not enabled

to execute his well-considered plans is very much to be regretted.

As a rule, nearly every other set of experiments has had for its ob-

ject the elucidation of some one of the above mentioned points. Com-

paratively few have been made for determining the value of a charge

under various conditions against the hull of a ship. The great cost

has prevented any but the most wealthy nations from applying this

crucial test. The few instances of this kind are of course most instruc-

tive. By their help we can use practice as a check against specula-

tion.

There are three objective points in the study of the question of sub-

marine explos^ions.

1st. The depth at which any given charge is most effective that we
may plant our torpedoes so as to waste least energy.

2nd. The radius of destructive effect of any given charge.

3rd. How closely together the members of a group can be planted

without endangering the cases, cables and connections of one torpedo

by the explosion of its neighbor.

1st. DEPTH AT WHICH EFFECTIVE.

The Confederates made a number of experiments to determine the

relation which should exist between the size of the charge and its im-

mersion. From these experiments has been derived the rule, that in

the case of a ground torpedo on hard bottom, the weight of the charge

in pounds should equal the square of the depth in feet. For buoyant

torpedoes, or ground torpedoes on soft bottom, this weight should be iu-
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creased by one fourth. This rule is designed for depths between 20

and 40 feet. For less depth we may assume

DzrrVC
where C is the charge in pounds and D the immersion in feet. From
the tenor of Stotherd's remarks under this head, it would appear as

though this simple empirical rule still found favor with the English.

The French have, as might be imagined, given the whole subject of

submarine explosions much study. Their experiments furnish the ba-

sis of several suggestive solutions.

M. Lefort, Capitaine de Vaisseau, found that two hundred kilos.

(441 lbs.) of powder were most effective at an immersion of six metres

(19.8 feet). From this and other observations coupled with the as-

sumption that the force of explosion was proportional to the cube

root of the charge, he drew the expression

C=.927 D^ where C is in kilos of powder ; D in metres,

or C=.58 D^ " " pounds and D in feet.

Lieutenant Audio, of the French Navy, who has furnished a most

thoughtful essay on this subject, of which I have not hesitated to avail

myself largely, suggests a still simpler form.

C=D^ C in kilos of powder; D in metres.

C=.062 D^ " pounds and D in feet.

This formula had however been previously announced in 1868 by

Captain-Lieutenant Vandevelde of the Dutch Navy, the head of the

Dutch Torpedo Corps. In his report for 1871, he mentions having

verified this law for immersion under four metres (14 feet).

The German rule reduced to English weights and measures is simply

C=~ or .063 D^
16

As a result of their experiments, principally at Carlskrona during

the years 1874, 1875 and 1876, the Scandinavian powers were led to

adopt

C=.956 D^ in kilos and metres

orC=:.06 D^ " lbs. " feet.

Admiral Bourgois, of the French Navy, in an interesting report quo-

ted by Audio gives incidentally what he deemed the best immersion for

certain heavy charges of gunpowder. These, as well as the regulation

depths for French defensive torpedoes, are specifically mentioned in the

following table, calculated up to a depth of 40 feet.
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BEST IMMERSION FOR BUOYANT TORPEDOES CHARGED
WITH POWDER.
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true only when the charge is at its best immersion and that the value

of the expression is confirmed by a long series of experiments made by

the Austrians.

The expression for the radius of destructive effect in the case of

buoyant torpedoes can be inferred from the statement that buoyant

charges should be about one fourth heavier than ground charges.

That is to say five pounds in a buoyant torpedo would be equivalent

to four pounds in a ground torpedo. The radius of destructive effect

of the former would be nine tenths that of the latter.

For gun-cotton, Stotherd writes Rzr:2;?^'4C.

M. Lefort, Capitaine de Vaisseaus of the French Navy, suggests

R=1.26 f/C in metres and kilos,

or R=3.18 f/G " feet " pounds.

This expression is based upan measurements of craters formed in

the sand bottom under the place of explosion. I am unable to dis-

cover the variation in the radius of destructive effect which Lefort

found to exist in the two cases of ground and buoyant torpedoes.

The Scandinavian Torpedo Commission of 1874—1876 also assumed

that R was proportional to f'C, and sought a numerical value for the

co-eflficient connecting the two. From experiments upon a floating

lattice target, and measurements of the holes made in ice which

had been allowed to form over the torpedo they concluded

R=r:1.44 i?/C in kilos and metres,

or R:=3.63 f^C " feet " pounds.

This is merely the extreme value of the radius of destructive effect

for buoyant torpedoes. To obtain its value, when a breach is effected,

a subtractive correction must be applied varying with wooden ships

from five to eight feet, according as the torpedo is nearest the bottom

or the side, and with an iron vessel of the Hercules type from 8.5 to

11.5 feet under similar conditions.

If Dynamite be used, R=5.47 ^C
" Gun-cotton " " Rzz:5.34 ^C

5
For ground torpedoes R' =—R.

M. Moisson, Capt. d'Art., published in 1871, a very elaborate article

on this subject. His mode of reasoning may be thus briefly resumed.

Supposing the water destined to form the ejected column to be divided

into differential pyramids, all having their summits at the centre of

the torpedo, the centre of gravity of any pyramid inclined to the ver-

tical at any angle ^ will be raised to a height given by the formula
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h=.igt^ ['^cos^^-lT

where T>, is the immersion in metres,

g, the acceleration of gravity,

p, the pressure in metric tons upon a sphere of

R, radius,

t, the time in seconds. i

The measurement of the base of the column gives the angle ^ corres-

ponding to h=:0. The constants of his equation were found from

experiment. Its final shape is

^
R' 3,900

where C is the charge in metric tons,

R the corresponding radius of destructive effect in metres.

Audio offers a graphic solution of the whole problem of the relation

existing between C, D, and R. In this solution R varies as ^C, but

the co-efficient linking R and D is a variable which passes through a

maximum value, when

Di=^C in kilos, and metres,

or D^lG.lo ^C in pounds and feet.

The solution is based upon the following assumptions.

1st. That R is a function of ^C.
2nd. That the co-efficient of -^C varies with the immersion.

3d. That for the same immersion, increased charges augment the

radius of destructive effect but slightly beyond a certain amount.

Audio presents two curves as furnishing the solution to any given

numerical form of the question. The first is constructed with differ-

ent values of (in kilos and metres) as ordinates. The abscissse

are values of the coefficient K which connects R and -^C in the

equation Rz=:K ^yC. This radius is the distance at which the charge

is barely effective.

In order that the explosion may occasion a breach in a ship of the

well known Hercules type, the action must extend over a certain sur-

face, in other words, the radius of destructive efiect as thus found, be

somewhat diminished. , Audio's second curve gives this subtractive

correction for any given charge. The accompanying tables are made
from measurements of Audio's curves turned into pounds and feet.

The resulting radius of destructive eflTect is the horizontal distance to

the vertical axis of the torpedo from the nearest point of the hull.
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Lastly, Allelic proposes reducing the radius of destructive effect in each

case by about -^ the beam of the ship to obtain the radius of de-

structive effect according to our definition.

Table I (Curve A).*

D







Au
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which are usually not far wrong. For small charges, Audio's curves

are untrustworlliy. They go to show for instance that tliirteen pounds

of dynamite exploded at seven feet nine inches immersion, in contact

with a hull of the Hercules type are without serfous effect, a conclu-

sion thoroughly disproved by the first Carlskrona experiments. His

first curve is based on clearly logical grounds, his second would appear

to need revision. Generally speaking it is safe to accept the English

rule, although it is obvious that this might be improved by the intro-

duction of a coefficient similar to Audio's which should make the ra-

dius of destructive effect, as it really is, a function of the immersion as

well as of the charge.

Some interesting experiments conducted at this Station during the

summer of 1874, may be referred to as useful in emphasizing this con-

nection. They are reported in detail in the Station pamphlet on Ex-

plosions. In brief, they consisted in detonating fifty pounds of nitro-

glycerine at various depths, all other circumstances remaining constant.

It was assumed that the violently disturbed surfiice area was a measure

"of, if not absolutely coincident with, the district of danger. The radi-

us of this area was found to be thirty-five feet for an immersion of

thirty feet, twenty five feet for an immersion of sixty feet and much

less for an immersion of ninety feet. In the last case but very

slight effect was observed at the surface. Eighteen seconds after

the jar of the explosion was felt, the water above began to boil.

The diameter of the foaming area was about twenty-five feet at

first. A curious fact connected with these experiments is that in the

first two cases, where the overlying water experienced actual displace-

ment, its volume was practically the same. It seems possible that

between the limits of the best immersion for any charge (D=:VC) and

the lea^st depth at which the charge is smothered, the radius of destruc-

tive effect will be found to vary nearly inversely as the square root of

the depth and at these limits to tend rapidly towards zero.

3rd, OF THE INTERVALS BETWEEN TORPEDOES.

The wave of compression which is propagated in all directions

through the water is instrumental in causing the explosion, by con-

cussion, of neighboring torpedoes and the rupture of their cases, in

shearing their cables and in disarranging their electrical apparatus

and other attachments. These phenomena are noticed far beyond the

radius of destructive effect. For this reason torpedoes can not be so

planted that their circles of efficiency may overlap, but must be sep-
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arated to a greater or less extent, according to the size and nature of

the charge.

It will be seen, upon reflection, that the more violent explosives will

generate a compressed wave which may be described as more intense

than that occasioned by their equivalent in gunpowder, since detona-

tion is practically instantaneous, while inflammation requires an ap-

preciable length of time, and the amplitude of the wave, or its intensity

will be the greater, the more sudden the generating shock.

We are thus led to expect particularly marked results from gun-

cotton and dynamite torpedoes, while they are, on the other hand,

more susceptible to concussion than gunpowder.

Experience in England has shown that five hundred pounds of gun-

cotton in a ground torpedo (whose radius of destructive effect is about

twenty-five feet) will seriously injure torpedo cases distant one hun-

dred and seventy feet, and four hundred and thirty-two pounds of gun-

cotton when immersed at different depths, but on the bottom, destroyed

neighboring ground torpedoes within one hundred and forty feet.

When this charge was buoyed twenty-seven feet from the bottom (the

radius of destructive effect being less than twenty-four feet) the adja-

cent torpedoes were uninjured when at a greater distance than one

hundred and twenty feet.

According to French experience, torpedoes containing from twenty-

five to thirty kilos (fifty-five to sixty-five pounds) of gun-cotton (hav-

ing a radius of destructive effect of about fourteen feet) injured their

neighbors at thirty metres (about one hundred feet) distance.

In some Swedish experiments, charges of dynamite were exploded

by concussion from the detonation of similar charges one hundred feet

distant.

On the other hand, the Dutch appear to believe that they can plant

their contact torpedoes (whose radius of destructive effect is less than

thirteen feet), so near together as fifty feet with impunity. It is thought

however that neighboring cables or attachments would probably suffer

from the explosion so close at hand of two hundred and seventy-five

pounds of gunpowder.

No exact formula can be drawn from these meagre data. Stotherd

suggests spacing torpedoes at six times the radius of their destructive

effect, but the Toulon experiments go to show that even this interval is

not invariably safe when gun-cotton and a fortiori, dynamite is used.

It would doubtless be better to adopt, provisionally, the rule that

gunpowder torpedoes may be planted at intervals of six: times the ra-
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dius of their destructive effect, but that when the higher explosives are

employed the torpedoes should be separated by distauces equal to eight

times the radius of their destructive effect.

CONCLUSIONS.

1st. The size of the charge for ground torpedoes in pounds of gun-

powder or its equivalent should be equal to the square of the proposed

immersion in feet ; for buoyant torpedoes, at least one fourth heavier.

2ud. The radius of destructive effect of a ground torpedo in feet at

this immersion is equal to twice the cube root of the charge in pounds

of gunpowder or its equivalent ; and of a buoyant torpedo nine-tenths

that of a ground torpedo. For less immersions the radius of destructive

effect diminishes rapidly towards zero at the surface*, while for great-

er immersions it decreases slowly becoming zero when the explosion

is completely smothered by the overlying water.

3rd. Gunpowder tor])edoes should be spaced at six times and gun-

cotton and dynamite torpedoes at eight times the radius of their de-

structive effect.

Authorities.

Submarine Warfare. Lt. Comdr. Barnes, U. S. N.

L 'Art de la Guerre Sousmurme. Daudenart.

Submarine Mines. Major R. H. Stotherd, R. E.

Etude sur l^ effets des
j ^ieut. Audio of the French Navy.

hxpLosions Sous-marines
j

•'

Notes on E.vplosives. W. N. Hill, Torpedo Station.

Die Torpedos und See-minen. . Berlin, 1878.

Report of Experiments &c., Maj. W. R. King, U. S. A.

Engineering and Engineer. Loc. cit.

Report of Scandinavian Torpedo Commission. 1874,75,76.

NOTE.

The foregoing remarks are offered rather as a study than as an attempt

at a complete treatise on the subject. For the benefit of those wishing to

investigate the matter in greater detail, a list of authorities is herewith

given. C. F. G.

The Chairman.—The paper wliieh has just been read is highly instruc-

tive and valuable, showing that the author has made extended researches

into the subject. Dealing, as it does, with facts and figures it leaves but

little opportunity for discussion, and I am sure all will unite with me in re-

turning thanks to the author for his labors in this important branch of our

profession.

* It will of course be understood that zero is merely a limit towards which it tends, not

that, at the surface, no change is sufficient to breach the Hercules.
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About the year 1856 it occurred to me that an instrument for solv-

ing spherical triangles by inspection might be useful in navigation.

But after some conversation on the subject witli Professor Chauvenet,

and others, I concluded that the saving of labor, effected by it, would

not be sufficient to make
it readily saleable, a-

mong navigators. The
invention was therefore

remanded to forgetful-

ness until 1873, when a

paper, by Prof. Wm. A.

Rogers, upon " The co-

efficient of safety in nav-

igation," and an encour-

aging word from Prof.

Benj. Peirce, led me to

make a model, and show

it to Mr. Cyrus H. Far-

ley, of Portland, Me.

He agreed with me in

thinking that a ship with

such an instrument on

board, in the hand of

one knowing how to use it, would in certain circumstances be safer
;

and after mature deliberation undertook the manufacture of what he

calls The Nautrigon.
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I had called it the Sumner, because I had received the first sugges-

tion of its utility from T. H. Sumner's methods of using single alti-

tudes.

The instrument, as manufactured by Farley, after many experi-

ments in devising the most convenient form, is represented in the an-

nexed cut. On a solid foot rests a plane, E ; the front edge of which

is graduated as an hour circle, (of about 15 cm. radius) for about 8

hours, from D toward B. This plane makes an angle of about 25°

with the base of the foot. Firmly attached to it, and supported

perpendicular to it by the brace H, is an arc C S D of 120°, and

16 cm. radius, representing the meridian of the ship. Hinged to this

is an arc A O B, of equal length and radius, representing the meridian

of the sun, or other object. This arc carries a vernier, seen at B, by

which the angle of the two meridians can be read upon the circle E.

The altitude arc F G is 92° in length, 2° below and 90° above zero,

and carries at its zenith, G, a semicircle graduated as a compass

card, and perforated at the centre, to receive a pin on the latitude

vernier S. This altitude arc is free to be lifted off the pin at pleasure.

The spherical triangle most frequently used in navigation has for its

vertices the elevated pole, the ship's zenith, and the sun.

Or if we consider the triangle as terrestrial, instead of celestial, we

may say the vertices are the nearer pole, the ship, and the spot where

the sun is vertical. In the instrument, the pole is between A and C,

the ship is the pin on the. vernier at S, and the sun's place is at the co-

incident zeros of the two verniers at O.

The arcs are graduated with suthci,ent accuracy to give the angles to

the nearest minute, and the hour to within four seconds. For getting

lime frum an altitude, and determining the ship's position by Sumner's

method ;
determining the time of sunrise and sunset

;
getting the azi-

muth of a heavenly body from its altitude ; calculating the altitudes

of the moon and star in a lunar distance ; and finding the course and

distance, for great circle sailing, the instrument is ail that is needed.

The two meridians have the same radius and same centre ; the alti-

tude has the same radius ; but it is of no importance to have its center

exactly coincident with the other centre.

The mode of using the instrument may be illustrated by the case of

finding the time. An altitude of the sun is taken and corrected for re-

fraction, semidiameter and dip. The ship's vernier, S, is clamped at

her latitude ; the sun's vernier, O, at his declination. The altitude

vernier at the corrected altitude. The altitude arc is then placed on
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the pin, S, aud the meridians swung into a position which will make a

proper contact of the two verniers at 0. The time is then read from

the vernier at B. All this could be readily and carefully done, as

rapidly as a man could write the directions.

Whereas to find the time by logarithms requires you to add to-

gether three angular measures ; divide the sum by two ; subtract one

of the angles from this sum ; find aud copy out a function of each of

the four angles thus obtained ; add these four logarithms aud divide

by two ; find in the tables the corresponding angle, aud multiply it by

two. All this requires much more time than the adjustment of the

Nautrigon ; it employs about seventy more Arabic figures, and gives

at least eight or nine times as many opportunities for mistake ; I

should say sixteen or eighteen times.

Moreover at the same time that the vernier at B is showing the time,

the compass card at G is showing the azimuth of the sun, so that if

the azimuth was noted by the ship's compass at the time of taking the

altitude, you have at once the compass error, (variation -\- deviation)

without any additional labor of computation.

Capt. Sumner's method of using single altitudes was forced upon

him by his peculiar position, when he had been storm-tossed several

days in a fog, and had reason to fear he was near a dangerous coast.

A sudden lifting, on the side toward the sun, gave him a horizon line
;

and enabled him to get an altitude which showed him on what circle

his ship was lying. Fortunately for him the information, thus gained,

was in time, so that he avoided the shipwreck which many other ships

at the same time on the same sea sufiered. But, under such circum-

stances, the five minutes saved by the nautrigon, in determining the

position of the ship, might make the diflereuce between safety and de-

struction.

The mate of a vessel on a passage from New York to San Francisco

took an altitude on fiffcy-oue difierent days, and determined the longi-

tude, first by the nautrigon, then by five place tables ; and in no case

was the difierence of the longitudes calculated by the two methods, as

much as two miles ; and in only four cases did it exceed one mile.

Thus by the nautrigon he obtained, in each case, a speedy answer be-

forehand, by which he was assured of the accuracy of his computa-

tions ; and thus increased the certainity of his position and safety of

his ship.

Nothing can exceed the ease with which the course and distance, in

great circle sailing, are obtained by this instrument. The ship's ver-
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nier, S, is put on her latitude ; the declination vernier, O, on the lat-

itude of the desired part; the vernier B is set on the hour circle at the

difference of longitudes ; and the vernier on the altitude ai'c is brought

to contact with O. The compass card now shows the course ; and the

complement of the denoted altitude is the distance. This operation is

so easy that it may be repeated every few hours ; and a steamer can

thus save fifty miles distance in crossing the Atlantic.

Having thus obtained the great circle distance, you can, if you wish,

determine the course more accurately in the following manner. Set

the vernier on the sun's meridian to the complement of the distance;

and the vernier on the altitude arc to the latitude of the desired

port. Placing now the arc on the pin, and making contact of verniers,

the required course is read to the nearest minute of angle on the hour

circle. The compass card then marks difference of longitude.

In like manner we can obtain the azimuth of the sun, (wlien he is

not more than 92° from the elevated pole) to a higher degree of accu-

racy, by setting the sun's vernier to his altitude, and the altitude ver-

nier to his declination ; the azimuth can now be read from the hour

circle ; and the compass card gives the hour.

These objections may be brought against the instrument.

First, its cost. The careful graduation of four arcs, and the careful

adjustment of the centres of three of them on one line, and two of them

to coincidence, is necessarily expensive. Yet if the nautrigon were

furnished by the ship as a part of her equipment, the cost would be

trifling to the ship owners, or to the government in vessels of the navy.

Secondly, the want of delicacy in its determinations. It cannot be

made to read nearer than minutes of arc, without increasing greatly

the cost.

But, on the other hand, it must be remembered that the indications

of the chronometer, and measurements of altitude by the quadrant, and

plotting of the ship's place on charts, embracing any large extent of sea,

cannot be accurate enough to demand nice accuracy in the reductions.

AVhen a ship is so near danger that an error of one mile becomes im-

portant she does not depend on observations in the sky, she has land

in sight.

Thirdly, the injury done to a navigator by diminishing his familiar-

ity with trigonometry. This was the objection to the chronotaeter,

but the chronometer came into common use. The navigator need not

be compelled to unnecessary labor and anxiety merely for the sake of

keeping up his familiarity with logarithmic formulae. Sufficient op-
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portunities will still occur for the navigator, even when he uses the

nautrigou at sea, to make more accurate computations when circum-

stances favor more accurate observations than usual, in ports, or on

smooth water with unusually clear air.

DISCUSSION.

The Chairman. My attention has been directed from time to time to
the subject of tbe mechanical sohition of spherical triangles: the Nautri-
gon presented for our consideration by ex-Fresident Hill is in its essential
features a reproduction of the armillary spbere of Ptolemy and of tlie celes-

tial globe of Merc.'itor. The phrase " use of the globes" is probably not un-
fimiliar to many of you: instruction in this branch of study included not
only tlie method of using the ordinary terrestrial globe for such purposes as
obtaining the latitude and longitude of any place, time of sunset or sunrise
&(i., but also the practice of the solution of spherical triangles by means of
the celestial globe, which as I have just said, was in its main features not
unlike the Nautrigon,of to-day. There is, in the Observatory here, a wooden
model of an instrument based upon the same principles, the product of the
skill in whittling of one of the graduates of this institution. Within the last

three years there have also been received the working drawings of an in-

strument called the Automatic Navigator, the independent invention of
another graduate. The great circle protractor of Professor Chauvenet, so
well known in the service, is but another instance of the same idea of solv-

ing spherical triangles mechanically.
For the merchant marine I should think that the introduction of the

Nautrigon would be of great benefit, as enabling the master of a vessel to
find his position with considerable rapidity and with a very good degree of
accuracy.
In the naval service, however, where one officer is charged with the nav-

igating duties alone, I think its introduction as the chief dependence of the
navigator would be of doubtful utility. An expert computer wnll, I think,

as readily solve the ordinary problem of a time sight by logarithms, as by
the Nautrigon. Still, I believe that for some purposes it would be an ex-
cellent idea if each vessel in the service were provided with one, as it

migiit be useful in an emergency to obtain even an approximate position,

as spoken of by the lecturer in the case of Captain Sumner. It might prove
of use also in great circle sailing, and as Chauvenet's protractor is no
longer in the allowance, this other instrument would take its place, be-

sides being usefid for other purposes.
I am very sure that you will join me in presenting the thanks of

the Institute to the learned lecturer, for the ingenuity and care which he
has displayed in the construction of the Nautrigon, and for the interest

which he has taken in the improvement of ,the me.ans of obtaining quickly
and promptly the position of a vessel at sea.
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THE U. S. S. ALARM.

By Lieut. R. M. G. Brown, U. S. N.

The Alarm was authorized by an act of Congress, appropriating

three hundred thousand dollars to build two Torpedo boats. Secx-etary

Robeson put one under the charge of the Admiral of the Navy, who
designed the Alarm ; the other was put under charge of the Chief of

Bureau of Construction, Isaiah Hanscom, who designed the Intrepid.

The object was to design a vessel that would assist in defending our

coast from the attacks of any maritime enemy. The Admiral of the

Navy determined to build the Alarm of iron, on the transverse bracket

system, with a double bottom, and water-tight bulkheads every twenty

or twenty-five feet. The objects to be obtained were, first, ability to

fight bows on, and thus do away with all armor except on the bows
;

second, ability to carry one heavy gun to fire directly ahead, and to be

trained by the helm.* Third, a ram so constructed that it would admit

of striking the enemy below the armor. To accomplish this last point,

the longitudinal frames of the Alarm were all made to meet at the ex-

treme bow and then run aft, forming the heavy longitudinal bracing of

the vessel. The keel was also doubled back so as to form the upper

frame of the ram. This ram to be at the same time a casing for a long

torpedo spar to run out thirty feet ahead of it ; the ram itself to be

cut oflf from the vessel proper by a water-tight compartment, so that

should it suflTer injury in ramming, and leak, no harm would be done

to the vessel proper. Fourth, a system of torpedo bars to run out under

* The ease and accuracy with which a boat howitzer can be ti'ained to

fire directly ahead by means of the helm only, is an illustration of the ad-

vantage of a fixed carriage on such gun-boats as the Alarm.
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water by steam pcysver, the bow one to project thirty feet ahead of the

ram, and the side ones seventeen feet from the side. These bars to be

made of the best gun metal. The torpedo itself on the end of the spar,

to open the outer valve, the inner valve being opened by a tackle before

the spar was run out. These torpedoes to be connected to the firing ma-

chine by ordinary insulated wires, and so arranged that the commanding

oificer could fire them from any part of the spar deck. Fifth, an ar-

rangement of water tight bulk-heads every twenty to twenty five feet,

combined with compartments between the inner and outer skin so that

the vessel could be sunk to any depth until the spar deck reached the

water, and at the same time be provided with pumps of great discharg-

ing capacity so that she could be quickly freed of water should it en-

danger her safety. This arrangement of water tight compartments,

also adds to the safety of a vessel, when rammed or injured from shot

or shell.

The Admiral of the Navy finally determined upon the present

Alarm as embodying these essential principles and to some extent,

carrying out the ideas he had obtained from the experience of the war,

as one of the officers distinguished by success—the final criterion of

every military and naval officer.

The Alarm is 173 feet long, 28 feet beam and 13 feet depth of hold,

with a tonnage within the inner skin of 311 tons. The double bottom,

when filled to the surface outside, will sink the Alarm 13 inches.

Displacement 720 tons. Complement thirty-five men and five officers.

The thickness of outer skin is one-half inch and of the inner skin three-

eighths inch. The thickness of armor on bows is 4 inches, growing less

as it comes aft. Thickness of wooden backing is 8 inches and of the steel

deck under the plank deck three-eighths of an inch. She has twenty-

five tons of ballast in the bows to trim her. She was designed to carry

this weight as additional armor forward, but it has never been put on.

The battery, at present is one XV inch gun in the bows, which could

be replaced by a 38 ton Krupp gun, by removing some of the ballast

;

and four Gatling guns on rail, which could be augmented to almost

any number, or changed for a better weapon.

She has four boilers—Horizontal tubular type—each with a diame-

ter of 10 feet, and length of 11 j feet. Internal diameter of tubes

3 inches, length 8 feet 8 inches. There is also a superheater. She

has one telescopic smoke stack 45 feet from grates to top. She carries

forty tons of anthracite coal in her forward bunker, and could carry

twenty-five tons more in the compartments between the skins on each
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side of the boilers. This would be a considerable protection to the

boilers. It would only be necessary to cut a door from these side com-

partments into the fire-room, and a deck scuttle from the spar-deck to

adapt these bunkers to use.

A Horizontal tubular boiler,—a launch boiler,—is on the spar-deck

for heating the ship, and for exercising spars and gun, when steam is

not up on the main boilers. The area of grate surface is one hundred

and sixty-eight square feet, and of heating surface four thousand thre(*

hundred and sixty-nine square feet, being as one to twenty-six, but

including the superheater the proportion is one to thirty-one.

She has horizontal compound engines, two high pressure cylinders

with a diameter of twenty, and two low pressure cylinders with a

diameter of thirty-eight inches. The stroke is thirty inches. The

air and circulating pumps are independent of the main engines.

The surface condenser has a cooling surface of one thousand six

hundred and seventy square feet. She has an indicated horse-power,

burning ordinary anthracite coal, of eight hundred, which can, by

burning Cumberland coal, be augmented to one thousand horse power.

I refer to Chief Engineer Isherwood as the authority for this statement.

Her maximum statical stability is 31° when drawing ten feet six inch-

es of water and taking into consideration her rail. If the rail is not

considered, but only the height of the spar-deck above the water line,

four feet six inches, it is 19°, Her stability will be even greater by the

substitution of the Mallory propeller for the Fowler wheel.

The accompanying tracing of her midship section, for which I am in-

debted to Mr, Jackson, the chief draughtsman of the New York Navy

Yard, shows the excellence of her model and the difference between her

statical and dynamical stability, or in other words her ability to right

herself in a seaway. It would doubtless add to her efficiency as a gun-

boat if the present armor and backing were removed, and five inches

of compound armor, made according to the recently discovered meth-

od, were substituted. It would cause any projectile fired from directly

ahead to glance off, owing to the acute angle formed by the armor.

The experiments in England will, I think, fully bear me out in

this assertion. It is almost impossible to pierce armor, even when

very light, if 'placed at an angle of 35°, or less, with the direction of

the projectile. This armor on the bows would protect the whole ves-

sel as long as she was fought bows on. It is true that a shot from

either side would disable her ; but it is not to be presumed that any

one would undertake to fight a fleet with a single gun-boat. When a
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large number of such gun-boats were assembled together they would

have to be manoeuvred as regiments are now, that is in such a manner

as to protect their flanks and rear.

During the recent extra session of Congress an appropriation of

twenty thousand dollars was made to change the Fowler wheel

formerly on this vessel to the Mallory steering propeller. This

change will soon be completed. The new propeller is attached to the

•Id engines, no change of hull being made except to put on a skeg be-

low the keel, so as to allow for a propeller of sufficient size. The new
propeller is geared to the old vertical shaft, it being cut off five feet

below the steru bearing, and a horizontal wheel fitted to it. This hor-

izontal wheel is fitted with a bevelled gearing to a vertical wheel on a

horizontal shaft, to the other end of which is affixed the screw propel-

ler. Both wheels are surrounded and protected by a casing which also

affords bearings for the horizontal shaft, the upper part of casing form-

ing a sleeve to the shaft (vertical) of engines, and so carried up into

the vessel that it can be turned by an auxiliary or steering engine

;

thus the whole casing and horizontal shaft carrying the propeller can

be turned about the vertical shaft in any direction. This enables the

commanding officer to steer the vessel with the same facility as the

Fowler wheel enabled him to do, and at the same time the speed of

the vessel, when going ahead, is about the same as with the ordinary

screw. In fact the gearing for the Alarm is so arranged that sixty-

six turns of the engines, will turn the propeller ninety-nine times.

The propeller has a diameter of ten feet and a pitch of fifteen feet,

with six blades. It is hoped that the engines will be able to run sixty-

six turns as a regular speed, making the propeller travel about fifteen

knots, and, allowing 20 per cent, for slip, the vessel about twelve knots.

The accompanying tracing shows the gearing of the Mallory steer-

ing propeller. The inventor claims that with his propeller he can get

as great speed in small gun-boats as with twin screws ; for he can have

a propeller of greater diameter than the diameter of the twin screws,

and he will obtain much greater steering facility. It is probably not

quite as effective for speed as a single screw of the same size making

the same number of revolutions, as more slip is to be expected on ac-

count of the casing always being in front of the propeller.

That the Mallory propeller will prove valuable in small gunboats

its friends feel confident, although of course all experiments are liable

to failure. The fact that a very economical Congress appropriated the

necessary funds would indicate that they held the opinion that the
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government of the United States was able to ascertain for itself,

the value of this, an American invention. The English government is

fitting it to three small vessels, the largest one hundred and twenty feet

long ; but it is hoped that the Alarm may be ready for trial first.

The great interest taken by our own and foreign ofiicers in this

patent shows the necessity of some propeller that will enable gun-

boats to fight bows on, their guns being on a fixed carriage. Of course

no private firm can carry on such experiments, besides there is no u^
for such propellers except for war purposes. It is therefore idle to say

that we should wait until other people try such patents. If this does

not succeed no time should be lost ; but other inventors should be en-

couraged to design a propeller to accomplish the end desired, that is

a propeller which allows the xoTiole energy of the main or driving

engines to be instantly used for steering purposes, and then be instant-

ly restored for driving purposes. The advantages of such a propeller

were thus described by the writer in an article of Apr. 4th, 1879, in the

Army and Navy Journal. "The advantasre would be that, the guns be-

ing mounted forward, all the fighting ability of the vessel could be ex-

erted at once, being concentrated in the same direction, without expos-

ing the broadside to the enemy at all. Tsvo guns on the bow would

give a battery equal to the single turretted monitors, and a double

deck and four guns would give one equal to the double turreted moni-

tors. Then that great auxiliary, the ram, would be ever ready for use,

while it would almost secure the vessel from being rammed by the

enemy. Fighting bows on, would also be the most favorable for the

use of torpedoes, when using either a bow spar or side spars, or when

discharging them from tubes under water. The means of attack and

defence would all assist each other ;—at the greater distance the guns,

then the torpedoes, and finally the ram. Very little of the vessel would

be exposed to the enemy's fire, and that part could be heavily armored,

and, owing to its shape, could easily be made invulnerable."

Since writing the foregoing article the firm of Sir AVm. Armstrong

& Co., have built the Epsilon, Theta, Eta and Zeta gunboats for

the Chinese government. These are of steel to save weight, carrying

one 35 ton gun, fitted on a permanent carriage, as on the Alarm, and

with Gatling guns on the rail as on the Alarm. They have four hun-

dred and forty tons displacement, being one hundred and twenty-seven

feet long, twenty-nine feet beam, and nine feet six inches depth. They

have twin screws, which can steam ten knots ahead and nine astern.

The English Admiralty have recently authorized the construction
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of the Polyphemus. The principles and design bear a great resem-

blance to the Alarm. The leading features are a strong ram, a

powerful torpedo battery, and small surface exposed to the enemy, with

speed and handiness. She is to have the side compartments fitted to

carry coal.

The same idea of getting invulnerability by having her armor so

arranged that the enemy's projectile must strike at a very acute angle,

has been adopted. She will have a convex armored deck of steel

four and one half feet above the water line and three inches thick.

This will give her the same protection, no matter from where the pro-

jectile comes, but it prevents her from carrying a battery. She is to dis-

charge her torpedoes from tubes under water but as the genius of

Ericsson has not yet solved that problem satisfactorily, I doubt if her

torpedo system is as good as that on the Alarm. In fact I conclude

that she is nothing but a ram, which, owing to her size, can have great

speed. But great speed and twin scrcAvs do not give ability to strike

"with certainty. A vessel with a propeller having the steering ability

claimed for the Mallory, and a much inferior speed would be able

easily to dodge her blow, and would have a chance to damage her with

gun, ram and torpedoes as she passed.

The Alarm, considered as an experiment, is a remarkable excep-

tion in being so free from the faults necessarily attending the practical

developments of new ideas. It is true she never possessed speed—

a

very necessary thing for a gunboat, and a torpedo boat,—but as far as

carrying her battery and the working of the torpedo spars is concerned,

nothing better could be desired, Mr. Keed, late Chief Constructor

of the Royal Navy, expressed his astonishment at the facility with

which the torpedo spars worked.

It can also be said of the original Fowler wheel that while it did not

attain the speed claimed for it by its inventor, it fully came up to his ex-

pectations in steering power. His later improvements of the same wheel

are said to give a very good speed. It is to be regretted that petty jeal-

ousy and personal feeling has caused a few officers to speak disparagingly

of a vessel, which is certainly the forerunner of what is to prove a very

valuable type of war vessel. As a rule I have found them extremely

ignorant of the facts in regard to which they so freely expressed opin-

ions. Nor can I limit this severe remark to any corps or branch of

the service. That her hull is a very fine one, and in very good condi-

tion is a fact apparent to any one not determinedly blind. That most of

the new ideas of which she is the exponent are by her shown to be
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feasible is also clear. The fact that her engines were defective no

more condemns a steam vessel than the necessity of a new suit of sails

condemns a sailing frigate.

The determination of the Admiral of tlie Navy to test the Fowler

wheel was not made without due consideration. The idea of fighting

bows on required a proi)eller of great steering ability. Twin screws

do not give it, for while they enable a vessel to turn short round it is

at the sacrifice of time ; besides, in vessels of small size, it is almost im-

possible to get twin pi-opellers of sufficient size to give good speed. It

was then apparent, as it is now, that Ave needed a propeller, that, while

it retains the speed of the single screw, will give in addition great

steering qualities.

The Fowler wdieel was urged upon the Admiral of the Navy, as a

patent worthy of trial. In referring to the records of that time I find

that several trials and reports were made upon the Fowler wheel, most

of them favorable. One report by Passed Assistant Engineer George

"VV. Stivers, who was sent to Philadelphia by Chief Engineer Wood to

try and report on this patent, shows a speed of 9.89 nautical miles,

the boat (the Frank G. Fowler) being seventy-three feet long, fifteen

feet beam, and five feet draft. The distance run, half with and half

against the tide, was 3.75 knots. Although he does not give the slip,

it can be easily calculated from the data of his report and is only 3.3

per cent. This was in accordance with the claims of the inventor.

That the real slip was more than ten times that amount the experi-

ment of the Alarm has proven.

I find that Chief Engineer Stimers was an advocate of trying that

propeller, and estimated that about half the boiler and engine power

now in the Alarm would drive her thirteen knots, the speed de-

sired with the Fowler wheel. Chief Engineer Wood also suggested cer-

tain changes which he thought would enable the FoAvler wheel to drive

the Alarm thirteen knots. He also fixed the angles of the blades

of the Fowler wheel, I presume in accordance with the ideas of Mr.

Fowler. The engines and boilers were put in under contract by John

Roach and Sons under the superintendence of Chief Engineer Hender-

son, and Assistant Engineer Stivers. The boilers are excellent and have

never given any trouble. The engines however were never properly se-

cured in the ship. They have been resecured, and the next trial trip

will, I think, demonstrate that they have now been properly fastened in

the vessel. They will then at least have a fair trial, which they never

have had heretofore.
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It is to be regretted that officers should, for personal reasons, dispar-

age experiments for the benefit of the service. When, last winter, by

the authority of the Department, I asked the Naval Committee of the

House of Representatives to appropriate twenty thousand dollars to

try the Mallory propeller, informing them at the same time that it was

only an experiment and therefore might prove a failure, I was sur-

prised to know what bitterness had been expressed against the Alarm.

A very able Engineer Officer wrote to a member of the Naval Commit-

tee, and one to whom I am chiefly indebted for the appropriation, that

the Alarm was a miserable failure in every respect, and that the hull,

the machinery, and the Fowler wheel alike were only fit for the scrap

heap. Chief Engineer Isherwood, on the contrary, says in a recent let-

ter that Admiral Porter's idea of the requirements of a torpedo boat

was quite correct, and the Fowler wheel, which at the time was the

only apparatus known which could give the steering and reversing

qualities essential to the Alarm, had not been experimentally shown to

be deficient in speed.

That the hull of the Alarm is an excellent one and that she was

thoroughly built, of the best iron, is the opinion of every Naval Con-

structor and expert who knows anything about her. She was modelled

by the most distinguished Naval Constructor the Navy has possessed

for very many years. Her hull is in good condition, nearly as good

as the day she was launched, and unless accidentally sunk she will

out-wear all the officers who have so summarily condemned her.

It has frequently been stated that the Alarm has cost a fabulous

amount of money. This may be true on paper as she has been in com-

mission for several years, and most of the time at one of the navy

yards ; consequently, as some changes and repairs were frequently being

made, it is not unlikely she suffered from being a convenient place to

charge work which could not well be charged elsewhere. This custom

fortunately is not so popular at present as it was formerly in the Ser-

vice. But as her hull was built by the Naval Constructors of the New
York Yard, and her machinery was put in under the direction of Naval

Engineers, neither the Alarm nor her designer can be blamed for

the bills. It should not be forgotten however, that she was the first

iron vessel ever built at the Navy Yard, and that consequently the

Constructor's skilled workmen had to learn anew the art of ship build-

ing. They finally succeeded in building a very strong vessel, but of

course they could build a second one at very much less expense.

^^
In regard to the engines they were designed to suit the Fowler wheel,
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and put iu by contract by John Roach & Sous. The Engineer super-

intending the work made frequent reports as to the progress of the

work and found no fault with the way it was being done. It is true it

would probably have done no good had he protested. When the

writer took command of the Alarm a little over a year ago, it had

been fully decided that she was unfit to go to sea with the Fowler

wheel. Being a firm believer in the usefulness of such a type of ves-

sel, and feeling that the Alarm was all that could be desired as far

as hull, torpedo machinery and boilers were concerned, he consulted with

the present Engineer-in-Chief of the Navy, as to the best means of

making her efficient. Sometime before that officer had ordered a

board, consisting of Chief Engineers Isherwood, King and Warton, to

report on the merits of the Mallory propeller. The report of the Board,

Chief Engineer King dissenting, was in favor of a trial of the Mallory

wheel. They recommended that it should be fitted to the United States

torpedo boat Alarm, for the following reasons : 1st. The Alarm is a

small vessel, and there is little doubt of success in the application.

2nd. The Alarm is a large enough vessel to give the Steering Pro-

peller a very fair practical test, enabling both its capabilities and en-

durance to be well ascertained before any application of it to a larger

vessel is attempted. 3rd. The Fowler wheel, with which propelling

instrument the Alarm is now fitted, is confessedly very unsatisfac-

tory as regards speed of vessel attainable with it, compared to the

speed attainable with a screw driven by the same engine-power ; in fact

about three times the power required with the latter is required with

the former to produce the same speed of vessel. The Fowler wheel,

though well adapted for steering and manoeuvring vessels, is much
inferior even in these respects, to the steering propeller; and its com-

plicated mechanism is designed on such fallacious principles that im-

provement is impossible. It should, in any case, be removed if service

is expected from the vessel. 4th. The Mallory steering propeller can

be placed in the precise position now occupied by the Fowler wheel

without any changes in the stern of the vessel, or in the motive engines
;

the vertical male and female shafts of the steering propeller going ex-

actly through the hole in the counter where the vertical shaft of the

Fowler wheel now passes. A deepening of the keel aft is all the

addition needed. 5th. The only cost of applying the steering propel-

ler will be the expense incidental to removing the Fowler wheel and

manufacturing and installing the steering propeller in its place.

This plan is the very cheapest possible by which the Alarm can be
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rendered efficieut. It leaves the hull and motive machinery intact,

and has the additional advantage not only of preserving but increasing

in a large degree that power of perfect steering and manoeuvring which

the distinguished designer of the torpedo boat considered indispensable

for such vessels, even if it had to to be obtained at the expense of other

valuable qualities. By the substitution of the steering propeller the

original design of the vessel, so far from being changed, will, in fact,

be perfected. 6th. If the proposed substitution of the steering propeller

for the Fowler wheel be made, it should be s.ubjected to long and

accurate experiments, the importance of the improvement to the Navy
warranting, in our opinion, a liberal expenditure for a thorough test.

; The old engines of the Alarm were anything else but satisfactory,

but as they were of a type suitable for a trial of the Mallory wheel it

was thought that they could be repaired so that they would at least

be of sufficient efficiency to determine the value of the patent of Mr.

Mallory.

Congress was asked by the Honorable Secretary to appropriate

twenty thousand dollars for this purpose. The committees having

heard a full statement of the possible merits of the invention, de-

cided to appropriate the money, which was accordingly done. It is

the expectation that the Department will order a thorough trial of this

patent. If it succeeds it will be a very valuable propeller for torpedo

boats, rams, and gun boats ; if it fails no harm will be done, save the

trifling expense, as the hull of the Alarm has not been altered nor

injured. Should the experiment prove successful it would seem to me
very desirable to build a number of gunboats. They would be extreme-

ly valuable, in case of emergency, for the defense of our shallow coast,

and during peace times they would be able to perform duty on rivers

and inland seas both at home and abroad. If built of iron on the trans-

verse bracket system, with a double bottom and sheathed with wood,

the planking being in two layers, one of three inches in thickness and

the other of two inches, so as to prevent all danger of galvanic action

between the iron of the vessel and the outside copper, they would last

for thirty years, only requiring replanking every few years. They

would afibrd a cheap and excellent platform for one gun of large size.

The excellence of -the platform results from the fact that the gun can be

placed in the line about which the vessel rolls, so that pitching is the only

motion of the vessel that interferes with accurate firing. This gun be-

ing on a permanent carriage, would be easily handled, and as it would

always be pointed towards the enemy, would admit of very rapid firing.
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When we take into consideration the difficulty of turning a monitor's

turret, and the ftict that the vessel also has to be manoeuvred, as a cren-

eral thing, in order to obtain proper aim, I am inclined to believe that

one gun mounted on a gunboat like the Alarm would be as efficient

as tlie two guns of an ordinary single turretted monitor.

The service is indebted to a very distinguished officer for donionstra-

ting the great importance of the ram in attack. But the vessel pro-

posed by Admiral Animen has a speed of only 13 knots, and no other

means'of attack excepting the ram. His proposed vessel is to be built

on the transverse bracket system, with heavy longitudinal frames as in

the Alarm. In comparing the two vessels the same master hand in

Naval Construction appears. The ram on the proposed vessel of Ad-
miral Ammen is to strike two feet below the water line instead of

below the surface as in case of the " Alarm." I must say that 1 con-

sider the latter plan the better as the last vessels constructed for the

Royal Navy carry their armor several feet below the water line, and the

turtle-backs being constructed for the Russian navy have a sharp

edge at the water line, on purpose to prevent injury from a vessel

striking near the water line. Besides there is an advantage in the

ram's running well ahead of the vessel as on the Alarm ; it better

enables a vessel to carry her gun and the armor necessary to protect

her hull above water. Water-tight bulk-heads can easily be arranged

so as to prevent the entire ram from filling when injured.

As the proposed ram of Admiral Ammen is only to carry three inch-

es of iron on the turtle back principle, I can see no advantage over the

same thickness of iron in a vertical position and equally inclined to the

line of fire of the enemy. I therefore conclude that vessels designed

on the general plan of the Alarm, would, with equal speed, be equally

as valuable for ramming. The same speed with the Mallory propeller

would make the Alarm infinitely superior.

In regard to the torpedo system fitted to the Alarm, I know of

nothing better at the present time for vessels of her class. I confess I

think this method of attack has been much over-rated. When there

was a superstitious dread of the name torpedo, it was more effective

from that fact, and from the terror caused by the exploits of a few

men like Gushing, than from the actual damage done. That they are

and will remain a great weapon for harbor defense is, I think quite

certain, but for vessels like the Alarm designed to carry a gun of

the largest size, and having a powerful ram, I doubt if they hold the

first place in her means of attack and defense. This condition of af-
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fairs will be changed as soon as we are able to discharge them from

tubes or guns under water. Captain Ericsson is now engaged upon

the solution of this problem. Until such a method is perfected her ar-

rangement is undoubtedly the best. Of course I do not compare her

with such vessels as the Destroyer and Lightning intended only for

harbor Avork.

That such a type of vessel as I have advocated is peculiarly adapted

to our present situation is, I think, beyond dispute. Even if the Depart-

ment desired to build enormous iron clads it is not probable that Con-

gress would grant the money. And I hope I am not presuming when

I state, that in my opinion, both the Department and the Service is

heartily tired of repairing old wooden vessels at enormous cost only to

make one cruise and then go under repairs again.

J
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DISCUSSION.

Comdr. Cotton. When the double bottom of the Alarm is filled, what
is the distance of the deck above tlie water?

Lieut. Bkown. About 3i feet; but water can Ije admitted to sink her
to any depth.

Lieut. West. How long does it take to sink the Alarm to fighting trim
by filling the compartments?

Lieut. Brown. About half an hour to sink her three feet, but it must be
remembered that sinking a vessel interferes with speed and handiness.
The probable service would of course determine how far to sink lier.

Lieut. West. As the forct! applied to turn the propeller is carried
throngli a system of cogs, is it known from any previous data of smaller
Mallory wheels what is the element of weakness in the cogs?

Lieut. Bkown. The gearing wheels are made of tlie best phosphor
bronze, and after careful calculation were made amply strong to transmit
all the power possible to develop.
The Chairman. There are several things I would like to ask: first.

Whether the strength of the cogs of the Mallory system has b^en cal-

culated to stand the strain brought on them by the driving engine only,

or when the driving and steering engines are acting in opposition ? It

would seem to me that there would be a very great strain upon the hori-
zontal steering wheel, or worm wlieel, especially when steering against tJie

motion of the propeller. If the auxiliary rudder should be fitted would it

not necessitate an extension of the keel, in order to permit the rudder to

revolve freely around its axis?
Lieut. Brown. Tlie strength of the cogs is ample when revolving the

same or difi"erent ways. The steering engine is only 50 horse power : the
strain can never exceed the horse power of the steering engine, and it is

amply strong to stand that. It has no connection whatever with the main
engines. An extension of the keel would not be necessary, only an ordi-

nary rudder has been suggested, fitted to the old gudgeons of the rudder
post, exactly as it was with the Fowler wheel.

Civil I'vNCxiNEEK Pkindle. Is it claimed that less horse power is re-

quired to drive the propeller under the Mallory system than under the oth-

er systems?
Lie\it. Brown. It will require a little more power, owing to the gear-

ing. The advantage is simply the steering facility.

Lieut. West. "\Vhen on board the Alarm on her trial trip down New
York Bay, I noticed the vibration of the ship to be great when working up
to full power. Is it known whether the Mallory wheel compares favor-

ably with the Fowler wheel in this respect.

Lieut. Brown. That vibration was caused by the engines being im-
properly secured, and by the fact that only one of the four blades of the

Fowler was exerted at any one time to drive the vessel. It is expected

to entirely do away witii vibration, by securing the engines properly, and
from the tact that the new propeller is an ordinary screw with six blades.

Comd'r. Cotton. Would it not be an improvement in the Alarm to

have the Pilot House forward clear of obstruction?

Lieut. Brown. It undoubtedly would be better to have one there also,

I have recommended that to the Department. If it was like a turret it

would be a great protection to the chimney and after pilot house when
fighting bows on.

Lieut. West. In that connection I would say that Captain Ericsson's

torpedo boat, the Destroyer, is steered from forward, not having a pilot

house proper, which would expose more surface to an enemy's fire, but

from sighting holes nearly level with the deck forward, which is flush and

clear of obstructions. The movement of the steering wheel is carried aft

on either side of the vessel to the run by light wire ropes. At the run is an
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hydraulic en^ijine ^ear which is controlled by the wire ropes, and the en-
gine acts on the tiller of the rudder of the vessel. Could not such power
be applied advantageously to the steering sleeve of the Mallory wheel?

Lieut. Brown. The Alarm can readily be fitted for steering from
any place forward. It would only require a light wire rope for working
the Stephenson link of the steering engin6, and an indicator for showing
the position of the screw shaft or steering sleeve. The rotary motion could
be given to the sleeve by hydraulic machinery, but it woiild be no improve-
ment over the present high speed steam engines in point of efficiency and
simplicity.

Lieut. Hanford. I should like to ask what torpedoes are used on the
Alarm, and how they are attached to the spar? What effect has the ex-
plosion on the spar, and what efl'ect will the additional speed expected
have upon the spars?

Lieut. Brown. The torpedoes are in shape not unlike an ordinary
elongated projectile, having the outboard end hemispherical. Those for the
bow spar are four and one-half feet long and a foot in diameter. Those
for the ^ide spars are not so long. The end of the spar enters the end of
the torpedo shell for about a foot, there is then a space of about six inches
for water to act as a cushioning, then a diaphragm with an opening in cen-
ter, for the water tight fitting fuse. The rest of the torpedo is filled with
the explosive. The explosion jars the spar considerably and makes it

recoil a very little. Passed Ass't. Engineer D. Jones, at my request calcu-
lated the strain at 12 knots. From his conclusions I do not fear carry-
ing them away.
The chairman, in closing the discussion, spoke of the paper and discussion

as being a most interesting one, and, as a fuller examination of the subject
would lead to a more extended discussion, the consideration of the subject
was adjourned until the next regular meeting of the Branch.
The thanks of the Branch were extended to Lieutenant Brown for his

valuable and interesting paper.
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Mr. Chairman and Gentlemen :

—

The progress of the past century is in no instance more marked than

in the development of naval architecture. In this development—as

in all kindred onward efforts—the advance has not been a steady one,

but mingled with many retrograde steps, which at times have seemed

to endanger the attainment of its object. That object I hold to be the

construction of the most efiective war vessel. By a careful study of

the various means taken during the past to accomplish such a result

the type of ship necessary to fight the battles of the future may be

discovered. While leaving this broad subject to those whose talents

and energies may have fitted them to deal with it, I propose to limit

myself in the following pages to the history of armor as applied to

naval vessels, and to briefly discuss the important lessons which it

teaches.

The history of armor may be divided into three epochs.

I. The Theoretical, which extends from the first use of artillery

on board ship (1350), to the year 1842, when Ericsson gave the

world a screw-man-of-war, armed with a wrought iron gun.

II. The Experimental, which begins at this date, with the intro-

duction of iron naval-ship-buildiug, and ends with the first iron-clad

engagement at Kinburn, in 1855.

UI. The Practical, extending from 1855 to the present time.

I. I have termed this period the Theoretical ; but I would not

have it understood that no experiments took place prior to 1842. At-

tempts there certainly were to cover vessels with defensive plates, but

these attempts as a rule began and ended in plans proposed by va-
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rious inventors, and never resulted in the completion of a sea go-

ing armor clad.

The first authenticated propositions for metallic armor date no

further back than the beginning of the present century, yet as a mat-

ter of curious research it maj' be of interest to look into the work of

one Giacomo Bosio, published in 1612, where we shall find a descrip-

tion of the great karrack Santa Anna, a vessel of seventeen hundred

tons, built at Nice in 1530 for the knights of St. John.* " She had

six decks of which two were under water, all were sheathed with lead,

and bolted with brass, which does not consume lead as iron does, and

thus constructed it was impossible to sink her, although all the artillery

of a fleet were fired against her. Her huge main-mast was made in

pieces, and of such size six men could not embrace it. * * * She

was never pierced below the bulwarks. ***** She was

entirely sheathed with lead from the bulwarks downwards, and below

the water line bolted with brass bolts." Then follows a description of

ovens for baking fresh bread, of an armory for five hundred pieces, of

forges for three master blacksmiths, and of many other novelties
;

showing that in naval architecture, as in all the other arts of war, the

knights of Malta were far ahead of their day.

At the siege of Gibraltar, 1782, the French and Spaniards employ-

ed floating batteries made by covering the sides of ships with junk,

raw hides, and timber. The largest of these vessels was fourteen

hundred' tons and carried a battery of thirty-two pdrs.

In 1813 Fulton constructed a floating battery for the United States

government ; and, as early as 1814, Thomas Gregg of Pennsylvania

patented a "ball proof-vessel." Gregg's design embraced a flat up-

per deck, from which the sides and ends sloped outwardl}^ to the wa-

ter line, where the upper part of the vessel was verj' broad, overhang-

ing the submerged portion, and protecting the rudder and means of

propulsion. The gun deck was nearly level with the water line, and

ports were cut in the inclined sides. She was to have been covered

with copper or iron. About this time the elder Stevens began a series

of experiments at Hoboken, New Jersey, which led him to the same

conclusion regarding the merits of inclined sides.

* Metal shields were used during the earliest centuries of the Christian

era, as a protection for the upper works of a ship. The Normans placed

iron casings over the water line during the twelfth century, and it is said

that Peter of Arragon had an iron plated ship.





Platel.
Gregg's ball- proof vessel 1814,

Stevens* batterv 1861.
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During 1821, Colonel Paixhans rccommcndod armor for ships as

wortliy the consideration of the Froncli adiniralit}- ; while England
tried the effects of shot against masonry covered with iron, at Wool-
wich, in 1827. India rubber was also proposed, as sheathing for a

seventy-four-gun ship, but whether for the purpose of resisting shot

or the action of sea water I am unable to discover. Eight years later

a series of trials took place at Mentz against forged and rolled iron.

The United States, profiting by the foreign reports, experimented

upon a laminated target of sixteen quarter inch plates ; through which

Commodore Kerry fired an eight inch shot at Sandy Hook, in 1837.

This target, five feet high, and two feet nine inches broad may, I

think, still be seen at the New York navy yard. The failure of this

plate did not convince the naval committee of 1841 that four inches

of iron was too thin to resist projectiles, and a contract for a vessel

with that thickness of metal was given to R. L. & E. A. Stevens, on

the 10th. February, 1843. "When Commodore Stockton, the following

year, demolished a four and one-half inch iron target with a two hun-

dred and twenty-four pound shot, Stevens increased his armor over two

inches in thickness ; and a second contract was made. By the terms

of this contract the Stevens Battery was to have a length of four hun-

dred and twenty feet, a beam of fift3--four feet and a draft of twenty-

six feet ; she was to be fitted with water tight compartments, and ar-

mored to four feet below the water line. Her sloping sides were to

be covered with 6.75 inches of iron, backed with fourteen inches of

wood. Her beams were to be made of six iiich wrought iron bars.

Her guns were to fire en barbette, and to be loaded below decks. That

this vessel was never completed was no fault of her original designer

;

and in the disputes which followed between the contractors and the

government the fact was forgotten that Stevens, as well as Gregg, gave

to America designs for armored ships, containing the germs of almost

all the systems which have since been claimed as original by foreign

constructors.

For twenty j-ears prior to this time another great brain had been at

work, evolving many inventions. Prominent among them were two

which were brought into practical operation, during the year 1842, in

one vessel ; and when the U. S. S. Princeton, propelled by Ericsson's

screw, and armed with Ericsson's wrought iron gun was launched

the war between armor and projectiles began. Heretofore the means

of propulsion by steam had been by machinery entirel}- above the

water, and exposed to an enemy's fire ; the screw did away with this
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great drawback, removing the working beam and paddle, compact en-

gines in the hull, giving motion to a propeller protected in part b}'^ the

element in which it acted. The center of gravity was also lowered,

and, the paddle boxes being removed, there was less surface to armor,

and less target to hit. We now come to the

II. or ExPEKiMENTAL Period. The Princeton was in reality Eric-

sson's first monitor, giving a warning, on both sides of the Atlantic,

of the changes that were to ensue. Congress resounded with eulogies

of the genius which would enable us in the near future to defy the na-

vies of Europe. Parliament, perceiving the error the admiralitj' had

made in driving the Swedish inventor from England, voted large sums

of money to build trial propellers and built-up guns. The British

foundries were ready for the emergency ; stimulated by the success of

their first iron steamers, they hastened to increase their plant so as to

include the fabrication of armor plates for iron men-of-war. The age

of iron had begun. Eairbairn and Lord Ross were standing sponsors

for infant plates of three and four inches, which others vainly strove

to kill with heroic doses of thirty-two pound shot. Rival metals were

also asserting their claims as a means of defence, and General Totteu

writes in 1853 that, "next to wrought iron lead concrete proved the

best material, as it will not crack nor splinter, heavy shot molding for

themselves a symmetrical bed in which they are found crushed ; their

eflTect being local." The increase in the calibre of the new guns, and

the consequent necessity for a thicker metal for a ship's defense, ren-

dered the use of lead impossible ; while the four and one-half inch iron

plates, experimented upon at Portsmouth in 1850, still resisted the

sixty-eight pound shot.

Pour years later the Emperor Napoleon received a letter from

Ericsson presenting a plan for a novel vessel ; but even scientific

Prance was not ready to adopt the radical changes suggested by the

inventor, and the '' cupola ship" was kept for that March day of 18G2,

when the world was forced to acknowledge the value of a "vessel

with armored sides protected against shot by being submerged in the

water, thus securing buoyancy and protection at once." Reference to

Ericsson's contributions to the Centennial Exhibition will show that

his design of 1854: was in all essentials similar to the later Monitor

of 1861, and that the turret was something more than a stationary

shield or cupola ; one of the main features being the concentration of

the battery. I am thus particular in enumerating its distinctive

characteristics, for, in the following j-ear Captain Coles of the English
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navy proposed mounting a number of conical cupolas on the deck of a

high sided, rigged ship, of the usual form, and even as lute as 18G2

he sent a model to the great exhibition with five cupolas. During

those seven years—from 1855 to 18G2—Coles wrote many articles and

lectures on the merits of his S3'stem, in none of which can I lind any

allusion to the name of Ericsson, perhaps for the reason that he saw
the many ditfereuces between their tw^o plans. Captain Coles' sad

fate would naturally lead us to overlook an}' omission to acknowledge

Ericsson's previous invention were it not for the fact that his friends

have claimed that the cupola and monitor turret were identical. Be-

sidies there was a man in the United States who, eleven years before,

had placed drawings in the patent otlice, of ''Timby's turret," and his

right of invention was long after recognized by the government.

The Crimean war was now calling forth all the energies of tlie Al-

lied Nations. France, especially, was busy constructing floating bat-

teries covered with four and one half-inch plates. The hulls of these

vessels were of wood ; and the iron plates three feet long, and twen-

ty inches wide. On the 17th of October, 1855, they received the Are of

the Russian forts at Kinburn. The following particulars are from

Commander DahlgTen's account of the action:—'' The French float-

ing batteries Devastation, Lave, and Tonnante, steamed in to make
their first essa}-, anchoring some six or seven hundred yards ofl' the

IS E. bastion of fort Kinburn. * * * * Xhe Russians could

only reply with eighty cannon and mortars, and no heavier guns than

thirty-two pounders, while many were lower. * * * This was

the sole occasion in which the floating batteries had an opportuuit}' of

proving their endurance. * * * They were huUetl repeatedly' by

shot, and one of them—the Devastation—it is said sixt^'-seven times,

without any other ett'ect on the stout iron plates than to dent them at

the most one and a half inches ; still there were ten men killed and

wounded in this batter^' bj' shot and shell that entered the ports."

This first engagement of ii-on-clad vessels ended the experimental

era. The immense advantage derived from an armor-shield was

established by the rough ordeal of war. It was useless to argue that

the ordnance brought to bear against the batteries was of small calibre,

for heretofore it had always been held that guns of inferior dimensions,

planted firmly on land, were more than a match for much larger ones

mounted upon a floating, unsteady platform.

Two other facts went far about this time to convince the naval

world of the necessity of providing against the destructive efiects of
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shell firing. One was the annihilation of the Turkish fleet at Sinope

in 1853 ; the other the arrival of the United States frigate Merrimac,

on the Mediterranean station, with her tremendous battery of IX
inch Dahlgreu guns. Shells were beginning to be used as mines in-

stead of missiles ; it became essential to find some material stronger

than wood to keep them from entering the ship. The three French

batteries of Crimean fame were not equal to the task ; and their five

English imitations were too unwieldy to accomplish the result. Let

us see how the emergency was met in the

III. OR Practical Period. Thus far I have treated the subject his-

torically, merel}' dwelling upon certain points calculated to illustrate

the important part plaj^ed b}- America and France in the earlier devel-

opment of armor. To follow the successive steps of this develop-

ment from the year 1855 to the present date would encumlier these

pages with a mass of detail that might confuse the thought and take

from the object in view. I will therefore give as short an account as

possible of the different causes which have led to the perfection now at-

tained in the application of iron to men-of-war, and then divide the

armor-clads of all nations into five systems, showing the results at-

tained in each.

Between the years 1855 and 1879 extraordinary activity has been

displa3'ed in naval science and maritime art. As early as 1859

Thorneycroft endeavored to do away with rivets and bolts b}^ making

tongued and grooved bars ; and Russia experimented against steel

plates four inches thick, with sixtj'-eight pound shot. The invent-

ive talent of the United States was animated by the breaking out of the

civil war—Knight, in his mechanical dictionary, mentioning fourteen

patents that were granted for armor during the first three j^ears of the

Rebellion. Wire, rubber, millboard, chain-cables, papier-mache, cot-

ton, hay, and logs of wood were proposed ; some of these were put

to the tests of experiment, and even actual engagement, but none

were received with favor, while all were considered as makeshifts.

Wrought iron now began to be handled in greater masses than had

ever before been deemed practicable, tremendous hammers and rollers,

making heavier and heavier plates, were constructed until in 1867 the

Atlas works succeeded, by means of Sir John Brown's carbonizing

process, in producing a solid mass of iron fifteen inches thick, twenty

feet long, and four feet wide. Bessemer, Siemen, Martin, and Whit-

worth manufactured steel, by new methods, nearly- as cheap as iron.

Krupp showed how breech-loaders would reduce the size of turrets,

J
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and Armstrong replied tluit hydriuilic maeliinery would accomplish a

like result lor liis muzzle-loading guns. Naval architects lessened the

weight of ships b}^ novel systems of framing and made double hulls

to resist rocks and torpedoes. In 180 1 Coles was at work on his

shields and Eads on his fixed turrets. During 18(58-9 Elder wrote

lectures upon his circular batteries, and Hyde discussed his scheme

for double-deflecting armor, while three years before Austria had

given Ital}' and the world a lesson at Lissa on the value of the

ram and end-on attack. In Jul}' 1872, the English, lacking a foreign

foe, cannonaded the Glatton's turret -with the Hotspur's 25 ton gun.

Soon after this date experiments were made as to the relative merits

of iron and steel for armor, from which two facts were unexpectedly

evolved ; one, that a steel plate, of given thickness, might keep a cer-

tain projectile from piercing it even though the shot shattered the

plate ; whereas, when covered with wrought iron, the shot penetrated

both iron and steel. The other, that a shot might pierce a plate of

given thickness, but would fail to penetrate two of half that thickness,

separated by an air space. In 1873 the German government submitted

the Gri^ison dome-shaped turrets to severe tests ; these turrets were

made of iron east in chill-molds, and united to one another b}' tongues

and grooves. In 1876, the Spezia trials of the 100-ton gun proved

the fallacj- of man}- preconceived ideas concerning the value of steel

and iron targets, and, besides inciting Sir John Brown to make a

twentj'-six inch plate, again brought out the inexhaustible powers of

English foundries in the Wilson compound plates, (Fig. 1. Plate IV.)

and the WhitAvorth combination of soft and hard steel.

Coincident vrith the changes and improvements in armor, during

the past twenty-four years, is the growth of the gun and its projectile.

We left the weight of shot in 1855 less than one hundred pounds, we
find it, in 1879, increased to over two thousand. The power of resist-

ance has only followed the means of offense. Above all the second-

ary reasons mentioned stands out, therefore, the one great cause which

has produced the floating citadels of to day—the continued rivahy be-

tween artillery' and armor.

We will now consider the various types of armor-clads. Although

many vessels ma}' be a combination of two or more of the following

systems, we can in general classify the armored fleets of the world

under five heads.

I. The Vertical or Broadside System.

II. The Turret System.
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III. The Deflecting System.

IV. The Circular System.

V. The Ram System.

I. The Vertical System. The principle involved in this method

of appl3'ing armor is the oldest of all, being the one naturally suggest-

ed to the human mind centuries ago. A shot is to be resisted, there-

fore increase the effectiveness of the bulwark, by adding to its thick-

ness, or placing upon the ship's side a better defensive medium.

This system also permitted the old type of vessel to be utilized, and

new ones of similar proportions to be built ; thus economizing the ma-

terial already on hand, and catering to the proverbial conservatism of

governments.

The vertical sj'stem is identical with the broadside. That it has

been extremely tenacious of life may be seen by the perfection to

which it has been carried abroad. America has never appreciated

its merits. Our first iron-clad was a turret ship, and seeing that the

monitors were superior to any corresponding type of other navies, we
clung to that system, taught by the experience of former years that

" in the one superior class" was our strength.

The only vertically armored broadside ship ever built in the United

States was the New Ironsides, completed at Philadelphia in 1862.

She was two hundred and fort}' feet long and had fift^'-eight feet beam.

Her armor was composed of four and one-half inch solid plates. She

carried sixteen Xl-inch guns and two 200-pdrs. She was burned at

Philadelphia in 1865.

Returning to foreign dock yards, we find France, in 1858, already

at work on a broadside iron-clad. The keel of La Gloire is laid, and

England follows with the Warrior ; vessels of widely different types,

but both covered with four and one-half inch plates. The Warrior,

on account of her extreme length, was only partially armored, while

La Gloire was completely protected. The Warrior's iron hull was a

step in advance of La Gloire's wooden frame, but the French frigate

had the handiness of a shorter ship, the smooth sides, peculiar bow,

and reduced canvas essential to the requirements of the times. That

the EngUsh recognized the French model as correct in the main is

shown by the Prince Consort, a vessel very similar to La Glou-e begun

three years after.*

* It is well to note here that La Gloire, Warrior, and Monitor were all

launched iu the same year. These three ships were, in embryo, types of

the different systems to be developed in the next twenty-five years.
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Before 1863 the keels of several vessels four hundred feet in length

had been laid, but this class proved unwieldy though possessing suf-

ficient flotation to be completelj' armored. Then came the era of

short ships, and, the destructive effect of ordnance increasing, buoy-

ancy had to be given bj' additional beam ; all-round fire next became

essential, and decks and encumbrances were removed, wherever they

interfered with the guns. Still the plates grew thicker, and lest the

armor should become too heavy to be floated, all the parts above wa-

ter were left free to be shot away, except those necessary for the bat-

ter^-, the guns being placed in a central casemate, where they could be

fired in single or double tiers. It will be seen by the foregoing re-

marks that I refer to the series of iron-clads, which, beginning with

the TTarrior, includes the Minataur, Hector, Bellerophon, Hercules,

Sultan, Audacious, and ends with the Alexandra—a vessel of such

completeness that it is safe to say she is the perfection of the system

of which we are treating.

France having expended large sums in her short sighted policy of

repeating vessels of each class, and crippled by her war with Ger-

many, has lost the prestige gained 113' her original departure from pre-

conceived ideas of naval construction, but the Eepublic is observing

critically, imitating successfully, the Devastation—carrying a heavier

broadside than any armor-clad afloat—being the latest result. Eng-

land has ranged far ahead of her rival, both in novelty of design and

form of hull, and the contrast between the navies of the two coun-

tries would be especiall}' noticeable to one who might have the oppor-

tunity to see their fleets anchored side by side. The French frigates

are covered with projecting surfaces, davits, cat heads, and bump-

kins, while the smooth rounded sides of Her Majesty's ships are free

from all encumbrances.

Germany, wdiile deserving all praise for the energetic and practical

manner in which she has increased her navy, gives us no new type,

of armor-clad, her vessels having been built in England and France, or

from plans borrowed from those countries.

It is scarcely necessary to allude to the other Powers, as they have

presented no new varieties of the broadside system ; though an excep-

tion may be made in favor of Austria, the armor of her casemated

Tegethoff" and Custozza being attached so as to lessen the weakness

caused to heavy plates by extreme cui-vature.

The Alexandra [Plate II,] therefore remains the exponent of the

best class of a vertical sided armor-clad. King gives the following
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particulars concerning her:—" This vessel, the largest masted iron-

clad heretofore designed, is a central-battery ship in the best sense

—that is, she needs no bow nor stern batteries to give her end-on fire.

For the first time a broadside armored masted sliip is built with satis-

factory all-round fire, for, out of twelve guns, four of them, including

the heaviest, can fire straight ahead and two straight astern. On
each broadside from four to six guns can be fought according to the

bearing of the enemy. In other words, she has almost as perfect an

all-round fire as is attainable in a broadside armored vessel, and this

forms her chief claim to consideration. So far as the fighting portion

of the vessel is concerned, she is a two-decker. The battery consists

of two Woolwich rifled muzzle-loading guns of twenty-five tons each,

and ten of the same kind but of eighteen tons each, the former being

a size not previously attempted to be carried on a broadside-ship.

The two 25-ton guns are located in the upper battery forward.

These can be trained from 2° or 3° across the fore-and-aft line for-

ward to several degrees abaft the beam. Two 18-ton guns have much
the same training aft that the others possess forward. These four

guns comprise the armament of the upper battery. To localize the

effects of shells exploding between decks, the main-deck batter}^ is

divided b}- an armored bulkhead which forms a continuation downward
of the forward bulkhead of the upper batter}'. In the portion which

lies under, and corresponds with the upper batter}', are six 18-ton

guns, three on each side, for broadside fire onl}'. In the forward and

detached portion of the main batter}' are two other 18-ton guns for

end-on fire, which the}^ attain by means analogous to those employed

to give similar fire to the upper-battery guns. Forward of the main-

deck battery the whole side of the ship is set back from the level of

the main deck (at the top of the armor-belt) upward. In other

words, the ship forward of the batter}' is narrower above the main

deck than below it ; Four guns can therefore fire right ahead past

the sides. Their arc of training is nearly 100°. The sills of the main-

deck ports are nine feet, and those of the upper deck ports more than

seventeen feet above the water. The water-line is protected by a belt

having a maximum thickness of twelve inches and the armor forward

is carried down over the ram, both to strengthen the latter and to

guard the vital parts of the ship from injury by a raking fire from

ahead, at times when waves or pitching action might expose the bow.

The machinery, magazines, et cetera, are similarly protected against a

raking fire from aft by an armor bulkhead, five inches thick. The

I
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batteries tire protected hy armor onh" eight inches thick below and six

inches above, which is a deficiency of protection against guns now in

use on board armed vessels in European navies."

The Turret System. This system of applying armor is not, as its

name would impl}', simply tlie mounting of a turret upon the deck of a

vessel, as a shield for the batter}- and gunners. It includes concentra-

tion of guns in a small space, thereby bringing them more completely

imder control, enabling fire to be delivered in all directions, and afford-

ing the best defensive covering. We thus gain a few large guns in-

stead of numerous small ones, and with a given flotation required for

the ship can transfer the armor, which would otherwise be needed for

the broadside, to the water-line.

A turret vessel may therefore be defined as an armor-clad of low

free board, carrying a few large calibre guns capable of all-round fire

from a revolving, armored turret.

The Monitor was such a vessel, presenting all the characteristics

mentioned above, while the turret ships proposed by Eads and Coles

were not; Eads' "armor clad central battery" having a fixed turret,

and Coles' "cupola ship" lacking the feature of concentration so es-

sential for the fulfilment of the theory-.

The success of the turret system at Newport News led to the liuild-

ing of a great number of monitors, and before the close of the Rebel-

lion the United States possessed a fleet of fifty-four vessels of this class
;

the luost powerful being the Dictator, and all capable of defending our

harbors against any foreign foe. Many minor defects in the original

had been removed ; but a few faulty details were allowed to remain, to

which I would call attention as they seem likely to be perpetuated in

the new monitors now building upon the Delaware. The means of

egress from the hull is mainly from hatchways that can never be used

in a seaway. By the addition of a low breastwork around the turret,

extending to the port sills, the liability to jam the revolving gear

would be lessened, and the crew, in any sudden emergency, would have

an additional means of escape at sea from hatchways within the breast-

work. These hatchways could also be kept open in moderate weather

to admit light and air. The arrangement of the deck steering gear

is also bad and the manner of loading, both antiquated and slow.

Although England placed little confidence in the turret system

at first, a mongrel vessel, combining the advantage of low freeboard

and the disadvantages of lofty masts and heavy top hamper, was con-

structed after plans suggested by Captain Coles. She was christened
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the Captain, armored with from six to ten-inch plates, and cap-

sized on her trial trip September 6th, 1870.

The Monarch was a more successful vessel ; but the advantage ob-

tained by her revolving turrets is partially counter-balanced by the re-

tention of masts, and the freeboard of fourteen feet presented to the

fire of an enemy. Neither of these ships therefore fulfil all the re-

quirements of the turret system.

In 1864 the P'nglish cut down the Royal Sovereign, covered her

with five and one-half inch plates, and placed four turrets, containing

four nine-inch gnus, upon the former three decker. The Scorpion,

with two turrets was also launched about this time ; but it was not un-

til after the Miantonomoh's voyage to Europe that the coast defense

monitors were begun, and Ericsson's type imitated, to be in many in-

stances developed into a better vessel. Solid plates immediately took

the place of laminated, the glacis and breastwork were added, the

thickness of armor was gradually increased to twenty-four inches, iron

hulls were substituted for wooden, wood backing was used in the tur-

rets, behind which came an inner skin and a mantlet to protect the

gunners from flying rivets and bolts. The decks were armored hori-

zontally and a ram-bow in many cases added.

It would carry this paper far beyond its limits to refer to the pecu-

liarities of each class, or, properly speaking, of each vessel, but the dis-

tinctive features of the twentj^ odd turret vessels of the English navy

may be easily obtained from the standard authorities. If the sequence

be followed from the Cerberus (built for colonial defense in 1868)

through the Fury (1870), Glatton (1870), Gorgon (1871), Devastation

(1871), Dreadnought (1877) to the Inflexible (1879) it would be

seen how far these ships have departed from the original model

;

though maintaining, under the ever changing relations between of-

fense and defense, the cardinal points of the turret system.

"We have noted, when treating of the vertical system, how the in-

crease in the weight of armor has gradually stripped it from the high

sides of the frigate until casemate and water line alone were protect-

ed ; now, although turrets by their reduced size and rounded exterior,

give a less weight of armor than the casemate, the limit of buoyancy

has been reached even with them ; and we find in the Inflexible, an

armor-clad so widely differing from Ericsson's Monitor that the " cit-

adel ship" may be said to represent an entirely novel system. Mr.

Barnaby, her designer, gives us the following description :

—

"Imagine a floating castle one hundred and ten feet long and seventy-
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five feet wide, rising ten feet out of water, and having above that

again two round turrets, i)lanted diagonally at its opposite corners.

Imagine this castle and its turrets to be heavily plated with armor,

and that each turret has two guns of about eighty tons each. Con-

ceive these guns to be capable of firing, all four together, at an ene-

iny ahead, astern, or on either beam, and in pairs toward every point

of the compass. Attached to this rectangular armored castle, but

completel}- submerged, every part being six to seven feet under wa-

ter, there is a hull of ordinar}' form with a powerful ram bow, with

twin screws and a submerged rudder and helm. This compound
structure is the fighting part of the sh^p. Seaworthiness, speed and

shapeliness would be wanting in such a structure if it had no addition

to it ; there is therefore an unarmored structure lying above the sub-

merged ship and connected with it, both before and aft the armored

castle, and as this structure rises twent}' feet out of water from stem

to stern without depriving the guns of that command of the horizon

alread}' described, and as it moreover renders a flying deck unneces-

sarj', it gets over the objections which have been raised against the

low free board and other features in the Devastation, Thunderer and

Dreadnought. These structures furnish also most luxurious accommo-

dations for officers and seamen. The step in advance has therefore

been from fourteen inches of armor to twenty-four inches ; from thirty-

five ton guns to eighty tons ; from two guns ahead to four guns ahead
;

and from a height of ten feet for working the anchors to twenty feet.

And this is done without an increase in cost, and with a reduction of

nearly three feet in draught of water."

Italy has gone a step further in the construction of floating castles,

and intends to defy the world with her diagonally turreted Duiiio and

Dandolo, plated with solid steel armor, twenty-two inches thick. Even

with these monsters she is not content, but lays the keels of the Ital-

ia and Lepanto, stupendous floating batteries four hundred feet long,

with oval, armored redoubts to enclose turrets of some extiaordinary

thickness, to be determined by future experiment.

Rumors are already bruited about that the Duiiio will not float her

heavy armor, and until the Italia and Lepanto are launched we must

hold with the British director of naval construction that, in the Inflexi-

ble, we have reached the extreme limit in thickness of armor for sea

going vessels.

The other Continental Powers have been imitators of the Ameri-

can and English turret ships. Russia has a Devastation in her Peter-
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The-Great, Germany, a Monarch in the Preussen, Austria, monitors in

the Maros and Leitha, France has steadily set her face against the

system, her whole navy list containing the names of only two turret

vessels in actual service—the Unandaga and the Cerbere.

III. The Deflecting System. The plan of lessening the chance of

penetration, by placing the armor at an angle to the vertical, was both

originated and developed in this countr3^ Gregg and Stevens proposed

deflecting armor in the earlier part of the century, Tees and Caudwell

made complete models of iron clads with inclined sides nearly twenty

years ago ; while the first vessels built on this principle were used on

both sides during the Rebellion. The Merriraac was an example of

the type, and the gun-boats of the De Kalb class embodied the same

idea. Before the close of our war there were numerous craft of this

description afloat on our western rivers, with plating varying from

four inches to three-fourths of an inch. Even the latter, though termed

ironically- "tin clads", did excellent service. The most powerful vessel

of this description was the Dunderberg, built b}^ Webb—her solid

plates varied from four and one half to three and one-half inches in

thickness. She was sold to France and re-named the Rochambeau.

Hotchkiss, about 1862, invented an ingenious method of attaching

over-lapping plates, after the manner of shingles. The efficienc}' of

the inclined side was thereby increased, and a shot finally thrown back

into the water. An English engineer, named Hyde, elaborated the

system spoken of before the United Service Institution in 1869.

His armor was to be attached to a hull of such shape that a shot strik-

ing either above or below water would be received at a very acute

angle. The arguments used in favor of this double deflecting s3-stem

were the great resistance off"ered to penetration, the protection afforded

in a sea way, and that the hues of a vessel to which such plates had

to be attached would give more stability than those of a ship with

vertical sides. Captain Palmer of H. M. S. Magdala has also proved

that inclined armor is two and one-fourth times as efl'ective as verti-

cal of the same weight.

Of late years the deflecting system is again receiving its share of at-

tention, the Engineer remarking, in 1876, that, " since the Spczia ex-

periments, there are but two possible chances for the plate, and these

will be found in so disposing it that the shot may strike it at an angle,

and in using air spaces." Combined with the deflecting surfaces pre-

sented by turrets this eystem may therefore become one of importance
;
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and we mfi}- in the future see improved Mcrrimiics and Tcnnessees as

we have ah-eady witnessed perfected Monitors and Warriors.

IV. The Ciucui.ak System. The advantage of tliis system lies in

the immense flotative power given by the shape of tlie hull, and the

consequent ability to carry heavy armor. The merit of having pro-

posed a circular iron-clad is due to Elder, an Englishman, who, in

1868, described the system in all its details, giving plans of a vessel

which, in essentials, was identical with the later Russian Popoffkas.

" There may,"—as Mr. Reed said in his lecture before the United Ser-

vice Institution, " be old books that contain engravings showing such

a ship filled with armed men ;" but neither Mr. Reed nor any one else

has ever been able to name those books. Admiral Popoff may be

credited—as the lecturer further infers—with being the man to call

circular iron-clads into existence, but it is the credit that should be

given to one who, through unlimited means and power, has been able

to give practical effect to the inventor's theoretical proposals. The

first of these A'essels was launched at Nicolaief, southern Russia, in

the spring of 1873. She was called the Novgorod, and was followed

b^v the Admiral Popoff". These ships are alike in principle, the Ad-

miral Popoff" having an extreme diameter twenty-one feet greater than

the Novgorod. The latter is completely circular at the water line,

with the exception of a small protuberance at the stern for the steer-

ing apparatus ; the bottom is flat and has twelve keels attached to it

parallel to one another, and at equal distances apart. The diameter

is 101 feet just above water, and 76 at the flat bottom. The deck

slopes from a central height of five feet to less than two at the circum-

ference. Coinciding with the centre is a fixed tower carr3'ing two

eleven-inch B. L. guns. The top of the tower is only seven feet above

the deck. The displacement of the ship is 2491 tons. The armor

consists of two lasers, an inner one, of unusual form, consisting of

corrugated iron beams seven inches deep and one and a half inches

thick, coniMJCted to the skin of the ship. The outer plates are in two

tiers, the upper nine inches, and the lower seven inches thick. The

turret armor is nine inches, backed with teak of same thickness ; with-

in this is an iron skin. Two feet of timber cover the armor at the water

line. The bottom is double, and the hull divided into thirty-six com-

partments. The dimensions of the Admiral Popoff are proportionally

greater, and she was the first vessel ever floated with plates equivalent

to eighteen inches.

I have gone into more particulars concerning these vessels than their
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merits seem to justify, from the fact that at the time of their launch

great importance was attached to the event—the ex-chief construct-

or of the voyal navy deeming the Popoffkas worthy to be compared

with England's iron-clads. The low speed obtained by the circular

ships, their complicated machinery for driving the six propellers, the

large horizontal target they present to an enem}', and their low towers

—from which the guns are to be fired, en barbette—are all radical de-

fects in the system, which prevent it from ever assuming an important

position in naval warfare.

The Popoffkas were never heard from during the late Eastern war,

though constructed with a special view to operations on the Black Sea
;

and it is an open question whether the "turret citadels," for harbor

defense, proposed by Timb}^, many years ago, and which could have

been towed from port to port faster than the Novgorod can steam,

were not better adapted for coast defense.

V. The Ram System. The history of rams begins long before

the Christian era. . The Persians taught the Greeks how to use the

ram at Salamis and Actium, and, 480 B. C, Queen Artemesia initia-

ted the practice of running down a friendly vessel, but with a more

laudable object than has been lateh" done by modern armor-clads.

Then, as now, the ram successively changed its form from the over-

hanging to the straight, and the under water projection, and tactics

were modified to suit the alterations in the tj'pe of vessel. It is be-

yond m}' province, however, to treat of this subject, which belongs

more to the development of ships than to the application of armor ; for

plates may be fastened to a ship fitted with a ram-bow in the same

way that they are to other vessels.

James Nasmyth advocated the steam ram as long ago as 1836, and

almost all modern ironclads have been supplied with this means

of offense. No modern vessel, it must be admitted, presents the

proper qualifications, and when we come to the discussion of the ram

of the future the question offers features which materially»modify the

present methods of applying armor. The true ram must present the

minimum amount of surface to horizontal and plunging fire ; need

have no offensive armament save her snout and torpedoes ; and no

defensive guns except such as are necessary to free her deck from

boarders. The thickness of her armor can therefore be greater than

that for any other type of vessel. Such a craft was suggested bj^ the

cigar shaped boats of our war, and has resulted, in England, in the

Sartorius Ram. In this vessel convex steel plates, fastened in a nov-
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el manner to the small portion of the hull above water, are to be unit-

ed to a steel frame armored with heavy plates. In this country, the

ram has been carried to a great degree of perfection by Admiral Ain-

men, but the lack of appropriations has prevented his plan from be-

ing supplemented by an actual vessel, and Engtand will undoul)tedly

have the first genuine ram afloat, though its design will eml)ody feat-

ures long since advocated by tlie ex-chief of our Bureau of jS'avi-

gation.

Several methods of fitting armor have come into use, that do not

strictly belong to any of the foregoing systems.

I. The Barbette System, so persistently used by the French.

It includes the plan of a fixed tower, over which the guns fire. The
arguments used in favor of this system are that the tower being

lower than the revolving turret its weight is diminished ; that an en-

emy can be clearh' seen ; and that the morale of the gunners is bet-

ter assured than in an enclosed battery.

II. A combination of barbettes and rounded projecting casemates.

Several vessels of the French nav}' ai'e constructed on this principle,

the towers being placed near the ship's side.

III. A system similar to the above, except that the towers are

placed at bow and stern, a casemate containing two tiers of guns be-

ing added amidships. The English Tem^raire (Plate II.) is an ar-

mor-clad of this description.

IV. The Belt System. The English authorities, frankly ac-

knowledging the impossibility of protecting both guns and hull, have,

in the Shannon, (Plate II.), abandoned batter}^ armor, and limited the

plates to a belt nine inches thick, extending from a vertical armored

bulkhead at the stern to a similar one sixt}' feet from the bow. These

bulkheads are a protection from fore and aft fire, and the crew are to

run the chance of being struck by shells delivered above the belt ; the

alternative being that they would probably be wounded first and

drowned afterward, if the weight of armor were distributed over a

greater surface.

» V. Torpedo Vessels. The armor for torpedo boats has thus far

been a simple mantlet to protect their crews from small arms and gat-

lings. The revolving guns of heavier calibre, now coming into use,

may necessitate a thicker plating, but this class of vessel must always

depend upon celerity of movement rather than upon shot proof cov-

ering.
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The analogy between the history of personal and ship-armor has

forcibly presented itself to my mind while writing the preceding

pages. If we follow the comparison through its various steps it will

be noticed that the knight of the earlier centuries was clad in all suf-

ficient plate, even as'the first iron-clad was encased in complete ar-

mor
;

plate and armor growing thicker and heavier as projectiles be-

came more powerful. In both cases, the limit of weight being reached,

recourse was had to deflecting systems, subsequently rendered less

vulnerable by padded coat or wooden backing. In our own century

the helmet of the dragoon and the cuirass of the guards still hngered,

furnishing protot3'pes of the Inflexible class, the vital points alone

protected. Before the deadl}^ weapons of the past decade the soldier

throws aside all defensive covei'ing and becomes th^ light mobile

skirmisher of recent wars. Whether we are to follow the sequence to

such a finality is a question which, though logicall}' correct, is still

open to dispute.

That the days of armor-clads built on the vertical S3'stem are

numbered most of us will admit, the latest argument against them

being that ever}- point of the target, presented by their high free-

board, becomes a. fuze. In other words the heat developed b}^ a large

calibre rifle shell passing through armor-plate is sufficient to explode

it within the ship, among a crew pent up in a contracted casemate.

Were the same projectile to strike a wooden vessel it would pass com-

pletely through her, bursting beyond and leaving a hole possible to

plug.

Like arguments may undoubtedly be used to the disadvantage of

the turret s_ystem, but the monitors present such a small surface, that

it is still questionable whether recent monster guns, though possessing

suflflcient power to pierce any plate, can be practically worked against

them.

The destructive effect of the ram has been so thoroughly proved, its

power to carry heavy plates so completel}^ demonstrated, that armor

will be carried on this class of vessel long after it is stripped from

other ships.

Rams built after the design proposed b}' Admiral Ammen* would

cost comparatively Httle, and one in each of our harbors, supported by

monitors and torpedo boats, might successfully resist the largest iron-

clads.

We are next to decide upon the kind of armor necessary for our

* For a description of the Ammen Ram see page 175 of this volume.
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rams and monitors. The experiments in Germany with the Griison

dome shaped castings, cliilled on the outside and slowly cooled on the

interior, have proved that cast iron may be made into a miu li belter

plate than has heretofore been deemed practicable. Still I am iiielined

to believe that cast iron will never be strong enough for the purpose,

and that its lack of malleability will prevent it from ever being used

for the curved surfaces of a ship's side.

Wrought iron possesses man}- requisites upon which it is not neces-

sary to dwell, but the very advantages which render it a desirable

metal to work into shape and easy to fasten to the frame of a ves-

sel make it penetrable b}^ rifled projectiles.

Steel, while possessing many of the characteristics of w^rought and

cast-iron, has the additional qualit}' of hardness, which gives it a great

superiority over both for the purposes of which we are treating. Low
steel, though not as hard as high, has much more tenacitv, and would

seem to be the variety necessary for our use. But steel, though hard

enough to resist the blow of the largest calibre projectile, is liable,

after being struck, to crack, become loose, and ultimately to detach

itself from the backing. To remedy these defects, it has been pro-

posed in England to make the body of the plates of wrought iron,

and the exposed surface of steel. These plates (Fig. 1), called the

Wilson compound armor, are made as follows;—"The wrought iron

is introduced (horizontally) into a furnace of peculiar construction,

and when it has arrived at a welding heat, the melted steel is run in

on top of it. The damper is then closed, and the crown of the fur-

nace removed, a chilling plate being put on top of the steel ; or the re-

fractory bed and sides containing the steel and wrought iron may be

removed on a 'bogie' and cooled outside."

Whitworth ppposes to make the body of the armor of very soft

steel, and to plug it with the hard steel bolts—these bolts to receive

the force of impact. The Italians are also making experiments with

steel bricks twenty-two inches thick, set in wrought iron cells.

The results obtained from these various plates go to prove their

great superiority over all others. Two points, developed by the tests

applied to the Wilson compound armor, demand attention, viz.—that

the union beween the steel and wrought iron was not injured, and

that the outer casing of steel, though cracked by the large shot used

against it, still held on to the backing. By way of making these

plates still stronger it has been proposed to pour the melted steel over

a corrugated wrought iron plate, (Fig. 3) thus making the junction
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between the metals more firm. To localize the cracks the steel is to

be separated by small intervals (Fig. 2) or the exterior of the plate is

to be made of alternate layers of iron and steel. (Fig. 4.) These

facts naturally lead us to the conclusion that the armor of the future

will be a combination of steel and iron in some form.

Steel is now being made remarkably cheap in this country by the

Bessemer, Siemen, and Pernot processes, and the want of heavy

hammers and rolling mills can be neutralized by the decreased thick-

ness of the wrought iron demanded for the compound plates.

In this connection I would suggest that the Hotchkiss Armor (Fig.

5) might be ntilized. The projecting edges, instead of being put on in

layers, to be fused to a wrought iron backing. Again a deflecting

system, like the Hotchkiss, gives us ample room for a water or air

space between a double line of armor, an advantage to which I have

already alluded.

I find myself digressing, Mr. Chairman, into a field which is not

covered by the title of the lecture, and will not further tax your pa-

tience with a recital of my views of the future man-of-war. The needs

of the service in "that direction will undoubtedly be thoroughly discuss-

ed in our next Prize Essaj-.

A word of explanation and I am done. The preceding pages were

prepared to suppl}- a want which I discovered while endeavoring to

obtain a few details in regard to armor. The subject is scattered over

so man}' works and periodicals that much time was lost in consulting

numerous volumes which contained little or no information. In order

to aid the student I have endeavored to condense the main features of

the History of Armor, and by way of further assistance, in the same

direction, will add at the end of this lecture a list of the standard au-

thorities from which my notes have been taken.

1. Engineering—Vols. 4, 5, 6, 7, 9, 12, 13, 14, 15, 17, 18, 19,

21, 27.

2. Engineer—Vols. 32, 33, 35, 36, 40, 41, 42, 43, 44, 45.

3. HoUey—Ordnance and Armor.

4. Spon's—Dictionary of Engineering.

5. Knight's American Mechanical Dictionarj'.

6. Journal Royal U. S. Institution—Vols. 2, 4, 6, 7, 8, 11, 12, 16, 17.

7. King—Report on European Ships of War.

8. Report of Secretary of the Navy 1864.

9. Scribner's Magazine, April 1879.

10. Haydn's Dictionary of Dates.
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11. Johnson's cyclopjedia, art. ships, iron-clads.

12. Elgar's, Ships of the Koyal Nav}-.

13. Ericsson's, Contributions to tlio centennial exhil)ition.

14. Appleton's Am. annual cvclopivdia 18G4, p. 720.

15. Dalilgren's Report of the Kinburn engagement.

16. Armor Plating etc., Major King, 1870.

17. The Steven's Battery—Memorial to Congress, 18G2.

Lieut. BuowN. In regard to what Lieut. Miller states about rams I

wouli] remark tliat thcn-e is little difference between tht; Alarm and the
ram suggested by Ailmiral Ammen. They were both designed for this

purpose by distinguished olUcers, and were modeled, I think, by tlie same
constructor.
The Alarm is designed to strike ten feet below the water, whereas the

ram proposed by Admiral Ammen is to strike but two feet below the sur-

face. Owing to the plan of carrying armor so far below water which now
seems to be coming into favor, I think ten feet the better. A ram running
well ahead affords stability for armor and guns on the bows. Numerous
water-tight bulkheads with doors self closing when the compartment com-
mences to fill, would prevent the ship from sinking forward when the ram
was injured.
The ram proposed by Admiral Ammen is to be a turtle back with armor

three inches tliick. I think with armor on bows as on Alarm the same in-

vulnerability can be obtained. Of course it will be necessary to light the
vessel liaving armor like the Alarm bows-on but that is the natural way to

fight a ram. The Ammen ram has two screws to drive her thirteen knots,

llie Alarm has not yet equalled that speed but it is undoubtedly a fact that

vessels of her model can be driven that fast.

The general plan of hull of these vessels is the same—both built on the
transverse bracket system with two skins and heavy longitudinal frames.
The ram is two hundred and five feet long, thirty feet wide and thirteen

feet draft, while the Alarm is one hundi-ed .and seventy-three feet long
twenty-seven feet wide and ten feet draft. The skeg of the Mai lory pro-
peller'will, however, increase her draft. The blow delivered by either
Avould be ample to destroy any ironclad. I can see no advantage in build-

ing vessels as large as the proposed ram and having no bow gun on them.
Lieut. Stockton. It has seemed to me that Lieut. Miller in giving the

entire preference to the turret system, has only considered one side of the

case in relation to the broadside system, and that is the defensive. It ap-
pears to me that when the vessel is acting on the aggressive, the broadside
vessel has advantages over the turret ironclad ; more particularly wliile at-

tacking shore batteries and forts. I would like to hear from tliose officers

who witnessed the New Ironsides and monitors attack the shore fortifica-

tions before Charleston. I know of no recent engagement where a com-
bined force of broadside and turret vessels made an attack on works on
shore.
Commander Cotton. It was a noticeable fact, in the various attacks of

the ironclad squadron upon the earth and sand Avorks before Charleston,
that the New Ironsides, with her broadside, which was composed of
seven XI in. guns and one 200 Parrott rifle, could silence the fire of b.-itteries

Wagner and Gregg with comparative ease; whereas, when these Avorks

were engaged by several monitors, whose united number of guns equalled



534

or exceeded, and whose weight of metal exceeded the broadside of the
Ironsides, tlie batteries were not only not silenced, but they briskly re-
turned the fire of the monitors.

Civil Engineer Puindle. I was attached to one of our gun-boats during
the operations before Charleston, alluded to l\y Commander Cotton, and
can fully corroborate his statement. I often saw the whole monitor Ueet
engage those batteries for several hours at a time, and often supplemented
by the gun-boats, having larger Parrott rifles, at long range, with the en-
emy returning gun for gun through the entire action. The monitors
would then be withdrawn and the New Ironsides, with her broadside
battery, go into action and speedily silence the enemy's tire alone.

Lieut. Stockton. Although experience shows to a certain extent that
a broadside iron-clad cannot be entirely armored, still if the ship floats
she can be of the greatest service, and perform certain work that a turret
vessel cannot; hence I think a belt line of armor at the water line will
keep her afloat and in a state of high efficiency. Not that I consider a
broadside iron-clad the typical vessel, but that she can accomplish certain
highly important work better than any other class extant.

Lieut. Miller. In the space at my disposal it was impossible for me to
go deeply into the subject of torpedo vessels, and whether rightly or wrong-
ly the Alarm lias always been classed under that head. She nndoubtedfy
has a ram, but she also has a gun and torpedoes, and these two additional
modes of offense seem to me to destroy her distinctive feature as a ram.
Lieutenant Brown has lately given us a very able and complete description
of the vessel he commands. I trust he will shortly supplement it by an ac-
count of how he would tight her against an iron-clad. How is he always
to keep bows on? When fire his gun? When ignite his torpedoes? It
will take a cool head to decide three such vital points at a moment when
one's whole force should be concentrated upon striking the enemy at a
given point. The forty-five thousand pounds of the XV inch gun and car-
riage would I think be much more advantageously disposed as armor for
her exposed parts, while in the crash of contact with the enemy the torpe-
does are as liable to inflict injury on the ram as on the rammed.

In regard to the remarks of Lieut. Stockton, Comd'r Cotton, and Civil
Engineer Prindle, I naturally hesitate to oppose the views of officers who
have seen the relative merits of the broadside and turret systems tried in
actual engagement. But I think the test presented by the operations be-
fore Charleston scarcely a fair one. It must be remembered that the mon-
itors were then novel craft, their mechanism new to the service and their
method of loading and firing developed only in the crudest manner. In
the future turret ship we may hope to see, among other means of promot-
ing rapidity of fire, hydraulic loading gear, and a hollow, central shaft
for hoisting projectiles for breech loaders. No time will then be wasted in

revolving the turret until the "shell whip shall be fair with the hatch."
If, during a given time, we can throw the same amount of metal into a
fort from a turret ship as we can from a broadside vessel, we will do the
same amount of damage, and Avill ourselves receive less injury in return in
our small target. I quite agree with Lieut. Stockton that an iron-clad ar-

mored on the Belt system is a most useful class of vessel, and the service
would be fortunate indeed did it possess many of them. My object in the
concluding remarks was simply to show the type; of ship most necessary
for the navy at the present date to repel the attacks of foreign fleets.

Lieut. Rush. I should like to ask the lecturer if the Wilson plates he
describes have ever been fitted to vessels. Mr. Miller also speaks of the
use of air spaces. I wotdd also enquire the extent of the experiments car-
ried on in regard to distributing armor in two layers with an intervening
water or air space.

Lieut. Miller. I see by the late papers that the Ajax and Agamemnon,
two vessels of the Inflexible type, but of smaller dimensions, are to be fit-

ted with compound armor; but, as no details of the plates have«as yet
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reached this country, T cannot state whether the Wilson combination of
steel and iron is to be used ov not.

The only experiments to test the value of air spaces were made in Eng-
land about three years a^o. Tlie thirty-eiglit ton icnn fired an eigiit luuidred
pound shot completely through nineteen and one-half inclies of iron, and
ten inclies of teak, at seventy yards range. TIk? gun was next (inul against

a ten inch plate, and a four inch plate backed witli tidrleen inclies of teak,

a space of six feet being left between the two. Wlicn tiiis second target

was examined, after the experiment, it was found that the shot had passed
through the ten inch plate, and iiad been broken to pieces, against the four

inch plate without injuring tiie latter in the least degree.
'Jlie apparent anomaly presented by the above experiment may be ex-

plained as follows; a shot strikes a thick plate and, like the tallow candl»
tired at a pine board, it flnds its way through tiie iron ; but during its pas-

sage it has developed in it so great an ainount of heat tliat tlie metal of

which it is composed is upset. The crystalline structure of the projectile

is destroyed, but the surrounding plate, holding it in a vice, prevents the

particles from separating. As soon, however, as the shot is released and
passes into tlie air space. "the least shock will shatter it.

I had not intended, Mr. Chairman, to present any novel method of con-

struction, as air spaces and compound armor have not been sufticiently

tested as yet to warrant their adoption; but the discussion having led

towards the subject, it Avill not perhaps be out of place to show the manner
in which the future turret ship may be armored.

Tlie figure on the board
is a rough sketch of a pro-

posed sea going monitor.
The outer plating ten inch-

es thick, tiie inner four

inches, Avith an interval of
six feet between the two

—

Wilson armor to be used.
The inner layer you will

notice is carried, say four

feet, below the water line

before it slopes towards the

keel. ]\Iy idea in doing
this is to deflect shot whicii

may strike below tlie water
line. The space between
the two layers of armor is

to be used as a coal-bunker, as experiments made during our war proved

that coal was a great deflector, and tended to throw the projectile, upward
or in the line in which it met the least resistance. It is scarcely possible

that the coal would prevent a projectile, already upset while passing

through the outer armor, from flying to pieces. The central spindle should

be hoUow and used for hoisting shot and shell. The base of the turret

should be protected by the inclined armor.
Lieut. Bkownson. Will Mr. Miller tell us why he makes his inner lay-

er four inches thick, when, as he says, the projectile is already shattered

after passing through the outer armor.
Passed-Ass't Eng. Manning. I think Mr. Miller is slightly in error

about the first iron-clad built in this country as it is my impression that the

"Re d' Italia" built by JSIr. Webb of ^"ew York about the year 1860 for

the Italian government, was at least partially iron plated. She was sunk

at the battle of Lissa in 1866 and is spoken of in the accounts of that fight

as an iron-clad ram. Mr. Miller, in comparing the several systems, has

omitted to mention the most vulnerable point of the monitor system—the

deck—which has but little resistance to shot if struck at close quarters.

1
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Had the Merrimac been able to depress her guns suificiently in her
memorable fight with the Monitor I fear there would have been a dif-
ferent ending. At long range there is very little danger, as the angle at
which a shot could strike the deck would be so acute as to cause it to
glance.

Lieut. MiiXEU. The relative thickness of the two layers must of course
be determined by future experiments. I used fovu- inches simply to illus-

trate the system, that being the thickness of the English target to which I
referred.

I am indebted to Mr. Manning for drawing attention to the vulnerability
of the deck of the monitors. It is undoubtedly their weak point, bat the
use of inclined sides as shown in the drawing will obviate that defect,
while the reduction of thickness of the new armor, will enable us to dis-
tribute it to better advantage. I have been unable to find any details re-
garding the Red'Italia, but if I succeed in doing so will insert them as a
note in the body of the lecture. Before the meeting adjourns I should like
to express my thanks to Cadet Midshipmen Hunicke and Cramer for the
excellent plates which accompany my lecture.
The Chairman. I have listened with extreme intei'est to the paper

presented to us by Lieut. Miller, and I believe that I am expressing the
feelings of all the members present in thanking Lieut. Miller for his very
able paper.



TROFESSIONAL NOTES.
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direction of the Executive Committee.
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CHEMICAL THEORY OF THE COMBUSTION OF
GUNPOWDER.*

By R. Bunsen and L. Schischkoff.

Translated by Chas. E. Mimroe, Prof. U. S. N. A.

In spite- of the apparent simplicity which the phenomena of the com-

bustion of powder present, a combustion upon which the mechanical

effect produced depends, we are far from knowing exactly all the circum-

stances which surround it. The researches of Gay Lussac, completed

more than thirty years ago, are the first and the most complete

which were undertaken upon this subject ; more recent investiga-

tions have led to results so coutradictory that it has been impos-

sible, up to the present day, to devise a chemical theory which would

agree with the experimental results.

Let us admit that practically the normal composition of powder

corresponds to two molecules of saltpetre, one atom of sulphur and

three atoms of carbon. If all the carbon is converted into carbon

dioxide and all the nitrogen is set free we should have the following

equation.

2KN03 + S-|-3C=3C02-}-2N + K2S

Then one gram of powder containing

Saltpetre .7484 grms.

Sulphur .1184

Carbon .1332

1.0000

Will give after its explosion

Potassic sulphide 0.4078 grms.

Nitrogen 0.1037 " = 82.52 cm^

Carbon dioxide 0.4885 " = 248.40 "

1.0000 330.92

"

* This translation was made from the French of M. A. Terqncm, the

original paper nut being tlien accessible. It has since been compared with

the original memoir (PoggendoriFs Annal. der Thy. u. Chem. CII, ^21)

and, wiiile the form of the French translation is preserved, numerous errors

in it have been corrected. Tiie translator has also converted the old chem-

ical notation and nomenclature into the new forms now in vogue with

chemists.
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The volume of the gases will remaia constant even though carbon

protoxide should be formed in the place of carbon dioxide and nitrous

oxide in the place of free nitrogen. Now if we except some slight

traces of hydrogen and hydric sulphide and if there are no other gases

produced but carbon dioxide, carbon protoxide, nitrogen and nitrous

oxide we can regard this volume of gas 330.92 cm^ as being the max-

imum volume which can be formed by the combustion of one gram

of powder having the normal composition. Gay Lussac and other

more recent observers* have found volumes much greater than this.

These contradictions show the imperfections of the methods used in

their researches and have led us to return to the question while em-

ploying a more exact method of research.

We set out to determine

1. The composition of the solid residue from the combustion of the

powder.

2. The pulverulent matters which form the smoke.

3. The substances composing the gas.

4. The relative quantities of solid residue and of smoke for a given

weight of powder.

5. The quantity of heat developed and the temperature of the

flame.

6. The pressure exerted by the gas, the explosion having taken

place in the space occupied by the powder in the state of grains, and

supposing that no heat is lost by radiation or conduction.

7. Tlie theoretical work which the powder can produce.

On account of the limited amount of time which we could command
for our common work we have not been able to determine these experi-

mental data but for a single species of powder, and under the ordinary

atmospheric pressure. Therefore we offer our work only as an a^ipli-

catiou of the method which we have followed, a method which could,

with some slight modifications, be applied to the study of the combus-

tion of powder under other circumstances.

We have determined the composition of the powder which we have

employed by treating it first with water, which gave us the weight of

saltpetre ; the insoluble residue was then treated with carbon disulpliide

which dissolved out the sulphur ; and the new residue burned Avith

cupric oxide yielded the quantities of carbon, hydrogen and oxygen

which it contained. We have found in this way for this powder

:

*Piobert, Traite d'artilleire, p. 265
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Saltpetre 78.99 per cent.

Sulphur 9.84

r Carbon 7.69

Charcoal -< Hydrogen 0.41

(Oxygen 3.07

Ash traces

100.00

We have used our different apparatuses according as we have wished

to determine qualitatively or quantitatively the nature of the products

of the combustion.

.
QUALITATIVE ANALYSIS.

For the qualitative analysis we have employed the following appar-

atus (Fig. 1, see plate.) We took a glass tube sufficiently large, closed

at one end by a stopper (b) and carrying at the other end a tube for

conducting off the gases. Through the stopper a small brass tube (a),

250 mm. long and 2 mm. in diameter, passes, in which the pulverized

powder is put. The powder is ignited and when it begins to issue in a

regular jet from the tube the stopper (b) is fitted into the large glass

tube. The flame from the powder is liable to break the tube (d) on

account of the high temperature which is developed in the part of the

tube which surrounds the powder. In order to avoid this the tube (a)

is enclosed quite to its extremity in a tube of perforated sheet iron or,

what is quite as good, another tube of thin glass. The solid residue

and the substance held in the pulverulent condition by the gas, under

the form of smoke, remain in the tubes (a) and (d), the gases are re-

ceived over a vessel of pure mercury after they have been allowed to

pass freely until they have driven all of the air from the tube (d).

The analysis showed that the solid residue was composed of

1. Potassic sulphate. 6. Fotassic sulphocyanate.

2. Potassic carbonate. 7. Potassic nitrate.

3. Potassic hyposulphite. 8. Carbon or charcoal.

4. Potassic sulphide. 9. Sulphur.

5. Potassic hydrate. 10. Amnionic carbonate.

The gaseous products contain the following gases :

1. Nitrogen. 4. Hydrogen.

2. Carbon dioxide. 5. Hydric sulphide.

3. Carbon protoxide.

6. Notable quantities (according to circumstances) of nitric oxide

and even of nitrous oxide.
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QUANTITATIVE ANALYSIS.

In order to obtain easily and without danger a considerable quanti-

ty of these bodies for quantitative examination we have employed the

apparatus shown in Fig. 2. It is composed of a glass bulb (d), which

is heated by the aid of a gas lamp, in which the combustion is effected

and where the solid residue remains. To one of the bent extremities

of this bulb is adapted a glass tube 2.5 mm. in diameter and 1 m. long.

To the upper part of this tube a brass collar is cemented to which is at-

tached a vulcanized rubber tube (a) capable of holding from 15 to 20

grms. of powder. The collar (b) contains a diaphram pierced with

8 very narrow circular hole which will not allow the powder to run in-

to the tube (c) except in the form of a very fine stream like thestreauj

of sand which runs through an hour glass. The bulb (d) opens into a

large glass tube, 1.5 to 2 metres long and 25 mm. in diameter, which

serves to increase its length, where the pulverulent matters which are

held in the smoke are deposited. In order to make the powder run in

a continuous stream the caoutchouc tube is agitated by tlie aid of »

small stick fixed to one of its ends as represented in Fig. 2. The

combustion of the powder goes on quietly in the bulb when the flow

takes place continuously, but interruptions in the flow by no means pre-

vent the success of the experiment. The gaseous products arc carried

off into the atmosphere. They cannot be collected over either water or

mercury, for the pressure which is exerted when the end of the conduct-

ing tube is placed under the liquid causes the flame produced by the

combustion of the powder in the bulb (d) to rise through the glass tube

(c) aud explode all the powder contained in the tube (a). The sudden

explosion of 15 to 20 grms. of powder is certainly very violent but it is

not at all dangerous. The caoutchouc tube in fact offers only a feeble re-

sistance aud goes to pieces immediately while the glass tubes, on the con-

trary, resist very perfectly. Explosions will also occur if the opening

in the bulb becomes obstructed during the evolution of the gas. In

order to collect easily the gaseous products we have introduced into the

extension (e,e) a glass tube which is joined to the bull) tubes (s,s) by

means of rubber connecting tubes and the bulb tubes communicate

with an aspirator. The bulb tubes (s,s) closed at first by pinch cocks

are finally hermetically sealed by fusing their extremities in a lamp

flame. We have analyzed separately 1st, the solid residue which is

found in the bulb; 2d, the pulverulent deposit which is found iu the

extension (e,e); 3d, the gas collected in the tubes (s,s).
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A. RESIDUE FROM THE COMBUSTION.

It forms a grayish yellow, semi-fused mass which is soluble in water

and leaves a slight residue of carbou. The following is the method of

analysis which we pursued :

1. Carbon. This was collected and weighed on a tared filter, 7

grms. of the original substance dissolved in warm water being

used. We thus obtained 0.0682 grms. which corresponds to 0.974 per

cent.

2. Potassic sulphide. The solution separated by filtration from the

carbon was placed in contact with calcined cupric oxide for two days,

and agitated from time to time. The liquid, brown at first, finally be-

comes completely clear. The cupric sulphide, together with the excess of

cu pric oxide,was collected upon a filter and dissolved in fuming nitric acid.

Finally the sulphur, dissolved in the condition of sulphuric acid, was

precipitated by the aid of baric nitrate. We obtained 0.1567 grms. of

baric sulphate which corresponds to 2.239 per cent, of baric sulphate

or to 1.058 per cent, of potassic sulphide, or to 1.077 of potassic hy-

drate or to 0.9043 per cent, of potassic oxide and to 0.308 per cent, of

sulphur.

3. Potassic hyposulphite. For the following researches we have

separated the filtrate obtained from the previous analysis into seven

portions each of which, consequently, contains 1 grm. of the original

substance deprived of its sulphur and carbon.

We treated the potassic hyposulphite with a titrated solution of io-

dine after having added to the original solution sufficient acetic acid

to give a decided acid reaction. Let a be the quantity of iodine con-

tained in one degree of the burette (a= 0.001242 grms.) and t the

number of degrees necessary for imparting a blue color to the original

solution after the addition of a little starch. We have then the follow-

ing formula for determining the quantity of hyposulphite.

s=a t ^J^l^

The reaction which takes place being as follows

2 I -f 2 K, S, O3 = 2 K I -f K, S, Oe *

We found t = 40.7, a = 0.001242 grms. Then the quantity of hy-

posulphite = 40.001859 X 40.7 =0.07566 grms. or 7.566 per cent., cor-

responding to 3.747 per cent of potassic oxide or to 2.5452 per cent, of

sulphur and 8.0434 per cent, of potassic nitrate.

* Potassic tetrathionate.
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4. Potassic sulphate. The same quantity of the solution containing

1 grm. of the substance for analysis gave us 0.7582 grnis. of baric sul-

phate which will give, for 100 grnis. of the original substance, 56.623

of potassic sulphate corresponding to 10.397 of sulphur, or 30.624 of

potassic oxide, or 65.721 of saltpetre.

5. Potassic sulphocyanate. Small quantities of this substance can

be readily treated by caiorimetric processes. For this purpose we pre-

pared a solution containing in each degree of the burette 0.0004894

grms. of potassic sulphocyanate. As the coloring liquid we used ferric

chloride, conveniently diluted and acidified by hydrochloric acid. The
quantity of iron which it contained was not ascertained. We took two

equal volumes of it which we poured into two similar cylindrical ves-

sels placed in the same position. To one of these we added the liquid

containing the sulphocyanate to be tested, in the other we poured the

normal solution of the sulphocyanate until the two liquids presented

exactly the same color. At the same time we took the precaution to

add water to the second vessel in order that the two liquids should be

equally diluted. Let a be the quantity, by weight, of potassic sulpho-

cyanate contained in one degree of the burette, and t the number of

degrees which are required to render the tint of the liquid identical iu

the two glasses, we should have for the quantity of sulphocyanate

s = a t,

a being equal to 0.0004894 one would have by this method of treat-

ing the sulphocyanate at least 0.0005 grms. We found t = 17.5 which

gives for 100 of the original substance 0.8564 of sulphocyanate, corres-

ponding to 0.4145 of potassic oxide, or 0.2815 of sulphui-, or 0.8896

of potassic nitrate.

6. Treatment of the ammonia. The ammonia is determined by the

aid of a titrated solution of hydrochloric acid. The quantity of hydro-

chloric acid contained iu the normal solution of this acid is iirst deter-

mined by means of a solution of silver. The liquid employed contain-

ed in one cubic centimetre 0.002357 grms. of anhydrous acid. Two vol-

umes of this liquid, equal to 23.81 cm', are taken and one of the two is

poured into a bottle whicli is put into a test glass filled with cold

water. The solution containing the ammonia is introduced into a re-

tort (Fig. 3) containing potash free from nitrates and submitted to dis-

tillation. The conducting tube leads the steam generated into the bot-

tle e where it condenses, thus carrying off all the ammonia from the

original liquid. In order to prevent the absorption of the ammonia in

the conducLinf tube a small vulcanized rubber tube is adapted to the
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extremity of the latter. This is closed by a small rod of glass and

then slit up a slight distance with a pen knife. This opening allows

the vapor to pass out but it becomes hermetically sealed each time that

a vacuum is formed inside the tube by cooling. When all the ammo-

nia has passed over, which is determined by the volume of water which

has distilled, the bottle (e) is allowed to cool and its contents are poured

into a test glass. In a similar glass the second measured portion of

hydrochloric acid is poured, and it is diluted with water until the vol-

ume of the two liquids is the same in both vessels. Equal quantities

of litmus solution are added to the two solutions and the acid is treated

with a titrated solution of ammonia of such a strength that twenty de-

grees of the burette are sufficient to neutralize the volume of acid used.

Let a be the quantity of acid contained in the volume t which is used,

and t be the number of degrees used for neutralizing the acid in the

two cases, then the quantity of ammonia which has distilled over cor-

responds to a quantity of hydrochloric acid equal to

a (ti—t)

ti

and the quantity of ammonic carbonate contained in the liquid will b©

given by the formula

^ _ (N H, ), C O3 :, ^ U-t^
2Hcl ^ -JT

We obtained equal values for t and ti which showed that there was

no ammonic carbonate in the original solution.

7. Potassic nitrate. Having proved that the original solution con-

tained no ammonia, we took, as in the preceding case, a volume con-

taining one grm. of the original substance, acidulated it slightly with

sulphuric acid, and placed a strip of zinc in it. The liquid was kept

cool and sulphuric acid was added to it from time to time to such a de-

gree that the evolution of gas went on slowly. The potassic nitrate

was thus converted into ammonia. Potassic hydrate was then added

in sufficient quantity to redissolve all the oxide of zinc precipitated

and the ammonia was distilled as in the preceding case. Preserving

the same notation the potassic nitrate is determined by the aid of the

formula

K N O3 ti—

t

X=: H cl t,

* Bunsen referred to the ammonic sesqui carbonate but the existence of
this salt is not now recognized.
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We found a = 0.05612 grras., /, =i27,t= 18 from which we de-

duce X =z 0.05185 grnis.

8. Potassic carbonate, A volume of the original liquid which cou-

taing 1 grm. of the residue is taken and the potassic carbonate is pre-

cipitated by the aid of a solution of manganous chloride, wiiich has

been previously fused. The precipitate is filtered off, washed, and then,

together with the filter paper, introduced into a proper apparatus

for treating the carbon dioxide. Dilute sulphuric acid is added and it

is boiled for sometime. The carbon dioxide, determined by the loss of

weight of the apparatus, weighed 0.0860 grms. which corresponds to

27.016 per cent, of potassic carbonate or to 2.3452 of carbon, to 18.417

of potasi-ic oxide and 39.525 of potassic nitrate.

9. Potassic hydrate. By precipitating again the manganous oxide

dissolved in the displacing apparatus (8), by the aid of sodic carbon-

ate, we obtained 0.1654 grms. of Mus O4. As a molecule of Mug 0*

corresponds to three molecules of manganous carbonate, for 0.0860

grras. of carbon dioxide we should have 0.1495 grms. of Mug O^. On
deducting this number from 0.1654 grms. which represent the total

weight of the manganoso-manganic oxide precipitated, there remain

0.0159 grms. This amount was not precipitated as manganous carbon-

ate but in the condition of manganous hydrate on account of the pres-

ence of the potassic hydrate. But, as Muj O4 corresponds to three Mn O
and as for this quantity of manganous oxide six molecules of potas-

sic hydrate are necessary, 0.0159* grms. of Mug O^ correspond to 2.339

grms. of potassic hydrate. Again in the determination of the potassic

sulphide we saw that this was transformed into potassic hydrate which

is evidently so much to be deducted from the quantity which we have

found.

Total quantity of potassic hydrate in 100 parts 2.339

Quantity corresponding to potassic sulphide in 100 parts 1.077

Remainder 1.262

which is equivalent to 2.274 of potassic nitrate or to 1.0596 of potassic

oxide.

10. Determination of the total potassic oxide in the residue. A
volume of the liquid, containing 1 grm. of the residue, after hav-

ing been treated with sulphuric acid, dried and ignited, gave 1.0447

* There is an error here as .0159 gvms. of Mns 0* correspond to .02339

grras. of K H O. As the value 2.339 is repeatedly used it is probable that

the quantity of Mns 0^ obtained is misstated.—Tr.



546

grnis. of potassic sulphate corresponding to 56.497 per cent, of potassic

oxide.

Siiraming up the results of these different analyses we have for the

composition of the residue in per cents

Potassic sulphate 56.62

" carbonate 27.02
"

' hyposulphite 7757

" sulphide 1.06

" hydrate 1.26

" sulphocyanate 0.86

" nitrate 5.19

Carbon 0.97

Ammonic carbonate 0.00

Sulphur 0.00

The proportion of potassic oxide contained in the different salts

which compose the residue is 56.88; the proportion determined directly

in analysis 10 is 56.50; the difference is only 0.38,

The residue from the combustion consists then chiefly of potassic

sulphate and carbonate and not of potassic sulphide, as is stated in

most of the treatises on artillery and chemistry, this substance reach-

ing scarcely one per cent.

B. PULVERULENT SUBSTANCES IN THE STATE OF
SMOKE.

We have proceeded as follows for analyzing the pulverulent depos-

it held by the gas in the state of smoke and which was deposited in

the long tube (e e) towards its open end. This matter formed a gray

adherent coating and smelled strongly of ammonia. We dissolved it

immediately in water, then separated the suspended charcoal by filtra-

tion and then divided the liquid into (eleven) equal portions which we

employed separately for the following treatment.

1. Carbon. The carbon contained in the whole liquid weighed

0.08526 grms, and was free from sulphur. One part of the solution

or 1-11 of the total mass contained then 0.00775 grms. carbon.

2. Potassic sulphide. The solution did not blacken paper which

had been dipped in plumbic acetate and hence it did not contain any

potassic sulphide.

3. Potassic hyposulphite. One of the portions of the solution re-

quired 11 degrees of the burette, containing a titrated solution of io-

dine, which corresponds to 0.02045 grms. of hyposulphite.
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4. Potassic sulphate. One of the portions of the solution gave

0.3650 grms. of basic sulphate, corresponding to 0.2726 grras. of po-

tassic sulphate.

5. Potassic sulphocyanate. One portion of the solution required

4.7 degrees of the normal solution which corresponds to 0.0023 grras.

of sulphocyanate.

6. Ammonia. Two volumes of the solution gave us ti = 27.0, t =
23.9, a = 0.05612, which corresponds to 0.0004373 grms. of amnionic

sesquicarbonate or 0.0002445 grms. of carbon dioxide for one part of

the solution.

7. Potassic nitrate. One portion of the solution gave ^i = 27, t =
25.2, a = 0.05612 which corresponds to 0.010374 grms. of potassic

uitrate.

8. Potassic carbonate. Two portions of the solution gave us 0.0629

grras. of carbonic anhydride. If we subtract the carbonic anhydride

of the ammonic carbonate found in experiment (6) we get for one por-

tion of the solution 0.09803 grms. of potassic carbonate.

9. Potassic hydrate. Two volumes of the solution gave us 0.1169

grms, of manganous oxide which corresponds to 0.05845 grms.

Mn' O^ for one portion of the solution. If we subtract from this the

quantity of Muj O4 (0.05466 grms.) which corresponds to the 0.03145

grms. of carbonic anhydride found in experiment (8), there remains

0.00379grms. of Mus O4 corresponding to 0.00556 grras. of potassic hy-

drate.

As a result of these analyses we find one portion of the solution to

contain

:

Potassic sulphate

carbonate

hyposulphite

sulphide

hydrate

sulphocyanate

nitrate

Ammonic sesquicarbonate

Carbon

Sulphur

0.27258 grms.

0.09803

0.02045

0.00000

0.00556

0.00230

0.01037

0.00044

0.00775

0.00000

0.41748

One hundred parts of the solid substance which was dissolved con-

tain then

:



HB

Potassic sulphate
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can be detected by the odor and taste we can conclude that these gases

are not contained in the mixture to be analyzed.

We have found, on the contrary, carbonic anhydride, hydro-sulphur-

ic acid, traces of oxygen, of carbon protoxide, hydrogen, nitrogen and

of nitrous oxide. The following are the methods which were employed

in the analysis of the mixture.

The carbonic anhydride is absorbed by potassic hydrate and the hy-

dro sulphuric acid and oxygen by potassic pyrogallate. The remain-

der of the gas is then introduced into a eudiometer with an excess of

oxygen and of detonating gas. After the passage of the spark the

excess of oxygen is ascertained by mixing it with hydrogen and de-

tonating again.

Let us designate the volumes of the different gases which exist in

the mixture as follows.

Carbonic anhydride c Hydrogen h

Hydrosulphuric acid s Nitrogen n

Oxygen o Nitric oxide w*

Carbon protoxide c^

Let J." be the volume of gas first submitted to analysis,

A" = c -^ s -{- -\- c^ -\- h -{- n -\- 71^

c^ s and o are given immediately by absorption.

Let A^ be the volume which remains after the absorption. A^ =
c^ -\- h -\- n -\- 7i\

Let J.^ be the fraction of the volume A^ introduced into the eudiom-

eter to such a degree that we have —-= m
A^

A^ = m c^ -\- m h -\- m n -\- mn}
Designating by C the volume of carbonic anhydride formed during

the combustion and by D the diminution in volume then

1 ^ t 2 D—C
3

Let O be the volume of oxygen introduced into the eudiometer for

determining the combustion of J.' and there will remain after the deto-

nation and the absorption of the carbonic anhydride a volume 0=
C -\- D—-I^— and if V represents the total volume which is obtained of

A' -|- O we should have

m n -{- m n = V— -\- —^t

—

In making the volume Fdetonate with an excess of hydrogen we ob-
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serve a diminution of volume D' which is due to the combination of a

C + D
part of the hydrogen with the volume O ^ of the oxygen and

of the rest with the volume ran' of the nitrous oxide. If from D' we sub-

tract the diminution of volume 3 0-D-C due to the oxygen we would

have the volume of the nitrous oxide since one volume of this gas in

combining with one volume of hydrogen gives one volume of nitrogen

then

mn'= D' —3 -{- D -\- C
mn = V— Z> + ^ O — I (0 + 2))

Such are the calculations and the operations which have served for the

analysis of the mixture of the gases produced by the powder. The

numbers which have been obtained are,

1st, Gases absorbed.
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With these given we have calculated the quantities which enter in-

to the formulae given above.

A' — 79.102 A' = 44.877

A' = 37.846 C = 3.181

D = 3.079 =1 19.828

V = 51.414 D' = 53.111

On solving the equations, we find

c = 51.140 s = 0.580

= 0.505 c' = 3.772

h = 1.176 7111=40.063

n' =—0.134

The percentage composition of the gas is then

Carbonic anhydride, 52.67

Nitrogen, 41.12

Carbon protoxide, 3.88

Hydrogen, 1.21

Hydrosulphuric acid, 0.60

Oxygen, 0.52

Nitric Oxide, 0.00

100.00

"What is most noticeable in this result is the existence of free oxygen

in the presence of a combustible gas. We cannot believe that this

points to a fault in the analytical method employed, for its known ac-

curacy and the care which we have taken in applying it will not al-

low us to suppose that such an error could be possible. We account

for this fact, on the contrary, by supposing that, after the combustion

of the sulphur and charcoal, the residue of the powder, dispersed in the

state of smoke, still contains some saltpetre and that probably, while

cooling, this evolves small quantities of oxygen, but the temperature ig

not sufficiently high to cause the burning of these gases when mixed

with a very considerable volume of other incombustible gases.

If the powder in burning is converted, as the old theory teaches, in-

to potassic sulphide, nitrogen and carbonic anhydride, these last two

gases should be present in the proportion of 1 to 3. Our examination

shows that, on the contrary, this proportion does not reach 1 to 1,5.

Then the combustion of the powder ought to take place in a different

manner from that which the theory accepted up to the present day

supposes.
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CHAPTER IV.

Relations between the Residue, the Substances which con-

stitute THE Smoke, and the Gaseous Products.

"We propose now to answer the fourth question which we have pro-

pounded. What quantities of solid residue and of smoke on the one

hand and how much gas on the other, can be obtained from a given

weight of powder ?

In order to solve this problem we have analyzed the mixture of res-

idue and deposit which was produced by the quantity of powder that

gave, in burning, the gas previously analyzed.

We began by dissolving an unmeasured portion of the substance to

be examined in such a volume of water that the volume of the solu-

tion occupied 500 cm*. For each particular determination we took

each time 45.474 cm' measured in a gauged test glass. The data nec-

essary for the calculation are, when they are not specially indicated,

the same as those stated above in the analysis of the residue of the

powder.

I. Carbon and sulphur. The 500 cm' left a residue, consisting of

carbon, sulphur and an incombustible residue, the whole weighing

0.2141 grms. 0.1758 grms. of this deposit gave 0.1749 grms. of baric

sulphate, which gives by a proportion 0.0292 grms. as the weight of

the sulphur contained in the 0.2141 grms. The deposit treated with

nitric acid and ignited in an open crucible left an incombustible resi-

due which weighed 0.0248 grms. For the volume of 45.475 cm' of the

solution used in the following investigation we would have

Carbon, 0.014561 grms.

Sulphur, 0.002656 '*

Residue, 0.002256 "

II. Potassic sulphide. The solution (500 cm') treated as before

with cupric oxide yielded a precipitate of 0.9902 grms. of baric sul-

phate corresponding to 0.46787 grms. of potassic sulphide or to 0.1358

grms. of sulphur, which would give for the volume of 45.475 cm'

0.04255 grms. of potassic sulphide.

III. Potassic hyposulphite. One gauged volume required 35.1

divisions of the graduated burette which corresponds to 0.06525 grms.

of potassic hyposulphite.

IV. Potassic sulphate. One measured volume gave 1.131 grms. of

baric sulphate, corresponding to 0.84463 grms. of potassic sulphate.

V. Potassic sulphocyanate. A measured volume of the solution
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required 12.5 divisions of the burette corresponding to 0.006105 grms.

of potassic sulphocyauate.

VI. Ammonia. A measured volume gave a =. 0.06688, i'=46.6,

f=17.3. This corresponds to 0.01645 grms. of Ammonia, or to 0.05709

grms. of 2( N H ,), O, 3 C O^.

VII. Potassic nitrate. We first determine the quantity of ammon-

ia contained in a quantity of potassic hydrate equal to that which is

required for treating the solution. We obtained azr:0.05612, ^^=27,

<rr26.4. The quantity of ammonia corresponding is equivalent to

0.0034578 grms. of potassic nitrate, a quantity which it is necessary to

subtract from the total quantity of potassic nitrate found in the solu-

tion. We found for the volume of solution employed a=0,05612, t^^

46.6, ^'=23.3, numbers which correspond to 0.077808 grms. of potassic

nitrate, and, deducting the weight .003458 grms. we see that the solu-

tion contains 0.07435 grms. of potassic nitrate.

VIII. Potassic carbonate and potassic hydrate. With the vol-

ume employed we obtained 0.1124 grms. of C Oj and 0.2240 grms. of

Mug Oi. From this weight of carbonic anhydride it is necessary to de-

duct that which belongs to the ammonia sesquicarbonate, which gives

us 0.3531 grms. of potassic carbonate. In this weight of 0.2240 grmsf.

of Mus O4 0.19539 grms. belong to the potassic carbonate. It follows

then that 0.0286 grms. of the Mua O^ corresponds to 0.03515 grms. of

potassic hydrate. But the potassic sulphide has furnished 0.03635

grms. of potassic hydrate. We may then conclude that there is no

potassic hydrate in the substance analyzed.

One volume of the solution (45.475 cm^) contains then :

Potassic sulphate,
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The same volume gave 1.380 grms. of potassic sulphate correspond-

ing to 0.7463 grms. of potassic oxide, a number which agrees with

that which we have deduced from the previous analysis as closely as

can be desired.

The powder employed and the products of its combustion have then

the following composition.

A.
Powder.

B.

Solid Products.

Saltpetre, 78.99 Potassic sulphate,
Sulpliur, 9.84 " carDonate,

(Carbon, 7.69 •' hyposulphite,
Charcoal, I Hydrogen, 0.41 " sulphide,

( Oxygen, 3.07 " sulphocyanate,
" nitrate,

100.00 Charcoal,
Sulphur,
Amnionic sesquicarbonate,

C.

Gases.

62.10 Carbonic anhydride, 52.67
18.58 Nitrogen, 41.12

4.80 Carbonic protoxide, 3.88

8.13 Hydrogen, 1.21

0.45 Hydrosulphuric acid, 0.60

5.47

1.07 Oxygen, 0.52

0.20 Nitric oxide, 0.00

4.20
• 100.00

100.00

AH of the potassium in the powder ought to be found in the solid

residue. We should be able then by the aid of analyses A and B to

calculate the weiglit of the residue which corresponds to 1 grm. of pow-

der. This weight of powder contains then, from analysis A, 0.3055

grms. of potassium ; the weight of residue which contains the same

quantity is 0.6806 grms.

This weight of residue contains a certain weight of nitrogen easy to

calculate ; on deducting it from the total weight of nitrogen contained

in one grm. of the powder we should have the weight of nitrogen con-

tained in the gas produced by the combustion of one grm. of powder.

The weight of gas corresponding to this weight of nitrogen is, according

to analysis C, 0.3138 grms. We should have then for the products of

the combustion of one gram of powder
;

r Saltpetre,
One gram Sulpiuir,

of i
powder. Charcoal,

In the analyses we have usually compared the total weight employed

with the sum of the different products obtained as a check. This check

is impossible here since we have operated upon an undetermined quan-
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tity of the solid residue. We can however use another species of check.

The weight of potassium, nitrogen, sulphur, carbon and oxygen con-

tained in one grm. of the powder ought to be entirely found in the

products of the decomposition. We found thus

K 0.3050

Powder before

the combustion.

N
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atare of the flame diminishes constantly through radiation and eondud-

tion, and, as it does not remain equal to—only during a very short

period, it is impossible to measure it by the ordinary thermometric

methods. The combustion of a mass of gunpowder takes place under

similar conditions. In this case, it is true, a nearly constant tempera-

ture equal to—exists but only in the very thin layer where the com-

bustion is going on and the heat produced is dissipated towards the

point of the flame by conduction and radiation. In order to obtain the

true temperature of the flame produced by the combustion of the pow-

der and to avoid the influence of exterior circumstances c and s should

be determined separately.

We have employed the following apparatus (Fig.4) for determining c.

A is a brass tube tilled with a known weight of flue powder firmly

packed. In the mouth a of this tube, which is slightly widened, a

small neck of glass b is cemented, to the surface of which two platinum

wires c c are fixed and joined to one another by a very fine platinum

wire which touches the powder. The small apparatus A is placed in

the glass tube B, which is closed at the bottom and open at the top

and the whole is finally placed at the bottom of the large tube C in

which lateral openings d d are pierced for the two wires. When the

two wires c c have been passed through these openings they are closed

by the aid of the lamp, and the top of the tube e is also closed. The

tube C can be kept vertical by the aid of an appendage which has

been blown on the bottom and which penetrates into a cork E ; and it

is placed in a larger jacket D whose walls are made of very thin brass.

In this species of calorimeter a circular agitator is placed which can

be raised or lowered by the aid of the very fine wires g g. The weight

of the powder and of the glass, brass and platinum, which enter into

the construction of this apparatus, having been determined it is filled

with a known weight of cold water, placed in a case of wood and de-

posited in a place where the temperature remains nearly constant.

There it remains until all of the parts have attained nearly the same

temperature.

The quantity of heat furnished by the powder is determined by ob-

serving at different moments the temperature of the bath by the aid of

a thermometer, placed in a small appendage on the side, which reads

to the hundredths of degrees.

We begin by observing the rise of the thermometer before the po\^-
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der is lighted. Then note the moment when the powder is ignited by

the aid of the electric current, tlien when the thermometer attains its

maximum temperature, and, finally, follow its descent during some time.

Throughout tlie duration of the observations be careful to agitate the

water in the calorimeter. The following are the numbers obtained in

one determination made with the greatest care.

Time. Temperature observed.

0' 19.86

5' 19.83

6' 19.83

Combustion, 7'

- Maximum temperature, 16' 21.10

26' 20.98

56' 20.60

The weights of the different parts being

Weight of glass, 79.14 grms.

brass, 132.11 "

platinum, 3.50 "

powder, 0.712 "

water, 376.40 "

The value, in terms of water, of the different parts of the apparatus,

is 404.7 grms. and the heat evolved by the combustion of the powder

raised the temperature 1.14°. The heat produced by the powder

which we used, that is to say, the rise in temperature which a given

weight of powder could produce in the same weight of water is 643.°9.

It is necessary to apply a slight correction to the number that we

have found. The combustion takes place in a tube which is in effect

hermetically closed and filled with air. The combustible gases pro-

duced by the combustion of the powder would burn and produce a

small quantity of heat which is foreign to that which is produced by

the powder itself. We find from table D that 0.7125 grms. of powder

would yield

Carbon protoxide, 0.00669 grms.

Hydrogen, 0.00014 "

Hydrosulphuric acid, 0.00128 "

We will adopt from Favre and Silbermann the numbers 2403,

34462 and 2741 as representing the heat disengaged by the combustion

of these gases. The heat produced under these circumstances would

raise the temperature 24.°4 which should be deducted from the 643.°9
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obtained above. The actual quantity of heat diriengaged by the pow-

der will then be 619.°5, The heat produced by the augmentation of

the pressure, whicli manifests itself in the glass tube after the combus-

tion of the powder, is so slight that it may be neglected.

In calculating the quantity of heat which the powder would produce

if all its combustible elements united directly with oxygen we obtain,

if we employ the numbers given by Favre and Silbermann, for the

combustion of the sulphur, the carbon, and the hydrogen, the number
1039.1 The combustion of the combustible elements of the powder

with the oxygen of the saltpetre gives them much less heat than when
they combine with free oxygen. This should not surprise us if we con-

eider that the nitrogen contained in the potassic nitrate, and which lap-

proaches nearly two thirds of the weight of the combustible elements,

ought to absorb a great quantity of heat in its conversion into gas.

We can obtain the temperature of the flame of the powder directly,

or rather the temperature which would exist if there were no loss by

conduction or radiation, by dividing the number 619.5 by the specific

heats of the products of the combustion. In order to obtain this quan-

tity we must multiply the weights of each of the bodies produced by

the combustion by its specific heat and add together the products thus

found. We have neglected in this sum the potassic hyposulphite, the

potassic sulphocyanate and the amnionic sesqui carbonate which are

present in very small quantities and the hydrosulphuric acid whose

specific heat is unknown. The numbers obtained from these very

email quantities would only influence the unit place of the number
sought, and can be neglected without appreciable error.
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On dividing 619.5 by .207 we obtain for the temperature of the flame

of the powder burning freely in the open air the number 2993° C. If

the powder burns in a closed space where the gases are not allowed to

expand freely the temperature of the flame will be different. We can

find this by dividing the quantity of heat due to the combustion by

the specific heat of a constant volume. The following is a table of the

calculations.
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pressure exerted by the powder burning in a space which it complete-

ly fills.

CHAPTER VI.

WORK PRODUCED BY THE COMBUSTION OF THE POWDER.

Up to the present time it has been generally supposed that the resi-

due held in the vapors during the combustion of powder exerted a

strong influence over its mechanical action. Though we cannot deny

absolutely that this volatilization takes place, nevertheless at the tem-

perature of the flame of the powder the tension exerted by these va-

pors does not reach one atmosphere. In order to show this we have

fused a small globule of the residue, placed on the end of a platinum

Avire in a hydrogen flame. The substance was insensibly volatilized in

the air but without ebullition, and consequently the tension of its vapors

was less than one atmosphere. Now Bunsen,* in his method of measur-

ing the gas, assigns 3259°C as the temperature of the hydrogen flame.

We may then neglect completely the pressure of these vapors in the

combustion of the powder which is effected between the temperatures

of 2993° and 3340° C and calculate thus the maximum tension exerted

by the gas produced by the combustion of the powder in a closed space.

Let Gp be the weight of the powder employed and Sp be its gravi-

metric density ; Gr the weight of solid residue and Sr its specific

gravity at the temperature of 3340°C; and finally let V be the volume

of the gas produced taken at the temperature of 0" and under a press-

ure equal to one metre, and designating by f the temperature produced

by its combustion in a closed space we should have in order to deter-

mine the pressure^" exerted by the gas the formula.

pO_V (1+0-00366 t°)

Gp _ Gi-

Sp !Sr

In this equation there is only one quantity, the determination of

which presents much difficulty, and this is Sr the specific gravity of the

solid residue fused at the temperature of the explosion. We have deter-

mined this specific gravity by a method which is not yet known but

which one of us has employed for studying the expansion and volatil-

ization of rocks fused at very high temperatures and which renders it

independent of the expansion of the vessels which contain these prod-

ucts. The researches made by this method have given us only approx-

imate values, it is true, but sufliciently accurate for the eud that we

* Gasometrische Methoden, pg. 254.
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have in view. "We have fouud, by this method, for the specific gravity

of the solid residue.

at 18° 2.35

at 2808" 1.52

Consequently we have obtained by interpolating to 3340° Sr=1.50.

The quantities which enter into the preceding formula are then

Gp=1.000 Sr==:1.50

Sp =0.964 V=193.1 cm'

Gr=0.6806 <=3340°

And substituting these quantities in the formula we have

/)=4373.6

If in calculating the pressure we take for the specific gravity of the

powder residue the number which corresponds to the ordinary tempera-

ture (2.35) we have for jp° the value 3414.6. In the pressure of 4374

atmospheres found there are consequently about 1000 which are due

to the expansion of the residue of the powder on account of the eleva-

tion in temperature.

A powder, whose composition is the same as that which we have

used, in burning in a cannon behind a projectile, in consequence of

the inevitable loss of heat, cannot then exert a greater pressure than

4500 atmospheres, if we admit that the decomposition takes place as

we have indicated. If, on the contrary, the decomposition goes on in

an essentially different manner when the powder burns freely in a can-

non from that which takes place when it burns under strong pressure

we could determine it only by collecting the residue formed and the

gas developed under those circumstances. If then we discover that

under those circumstances the decomposition remains sensibly the

same it would be necessary to conclude that some of the estimates of

the pressure of powder gases in cannon which are in general accept-

ance are based upon erroneous principles. Many of the writers upon

artillery have stated this pressure as high as 50,000 and some even at

100,000 atmospheres.*

The preceding researches furnish the means for calculating the

maximum mechanical effect, or the theoretical work which the powder

can produce, when the gas which it furnishes, taken at first under a

pressure corresponding to its primitive volume expands in a given

space without loss of heat. Let a^, a^, aj, aj, (Fig. 5) be the volume

occupied by the weight of powder Gp ; a.^, as, ag, a^, the space occupied

* Piobert Traite d'Artillerie 1847 pg. 322. . _
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by the residue whose weight is Gr, and finally let a^, a^, a^, fli, be the

space occupied by the gas at the raoment of the combustion. This vol-

ume ?^o=5 5— serves for calculating the pressure/) as we have seen
fep or

above. Finally let a, a^, a^, a be the space which the gas fills when,

in consequence of its expansion, the pressure becomes p. Assuming

e, tta, a^, c, as the amount of expansion of an infiuitely small portion of

the gas at the commencement, under the initial pressure of jo,,, the work

done will h^ p^ d v and that which will be produced by the complete

expansion of the gas.

/
QO
p d V

Assuming that we have lost no heat through the walls of the envel-

ope and coasideriug/»i as the pressure corresponding to the volume

f'o* we should have jt>=p° X2. A; being ratio between the specific heats

of gases under a constant pressure and under a constant volume. The

. . P V
value of this defiuite integral becomes in this way °

°

One gramme of the powder which we have employed gives for

v„ the value -P- -I =0.5836 cra^ and for »„ the value 1029.8x4373.6
Sp for

^°

grms. h was calculated from the composition of the gases and was

equal to 1.39. Consequently one kilogram of this powder produces,

when decomposing as we have stated, a theoretical work of 67410 kil-

ogram metres.

Poisson, Mec. 2 II. p, 647—Clausuis, Pogg. Arm. 2,79, Page 396.
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OFFICIAL REPORT OF THE NAVAL ENGAGEMENT BE-

TWEEN THE CHILIAN FLEET AND THE PERUVIAN
RAM HUSACAR.—FOUGHT ON THE STH OCTOBER, 1879,

OFF POINT TETAS.

Translated for and forwarded by

Rear Admiral C. R. P. Rodgers, U. S. N.

AUTOFAGASTA, lOxH OCTOBER, 1879.

To THE Commanding General.—
Sir :—After my arrival in Mexillones de Chile, former!}^ Mexillones

de Bolivia, which I have reported to 3'ou in a letter of to-da}', relating

the result of my expedition to Arica, I hurried the coaling of the

ships of the squadron in order that I might go with them to the south.

This latter step was indicated by the repeated telegrams of the su-

preme government and those of the Minister-of-War at Autofagasta,

which informed me that the Pervuian ships were ravaging the coast of

Chile.

I ordered the commanders of the ships of the squadron to leave the

port of Mexillones at a late hour of the evening, with the squadron in

two divisions. One, formed of the slowest vessels, to keep the land

in sight, and look into all bays, coves, and shelters, in the coast,

where the 6nemy might lie in wait. The other, of the swiftest ves-

sels, to keep about twenty or twenty-five miles astern of the first

squadron, and further off-shore.

This arrangement of the squadron was not carried into effect, be-

cause the commander of the Cochrane was telegraphed by the Minis-

ter-of-War to cruise with his ship, the O'Higgins, and the Loa, ofi'

Mexillones de Chile during the night and until noon of the next da}'.

The Blanco Encalada, the Covadonga, and the Matias Cousifio, were

ordered to cruise during the night near Autofagasta.

In execution of these orders I got underway from Mexillones, with

the vessels named, at 10 p. m. of the 7th, and steered to the south,

with the land in sight.

At about 3.30 a. m. of the 8th, and when off Point Tetas, the look-

out of the Blanco Encalada saw ahead the smoke of two vessels, which

appeared to be coming out from the coast to reconnoitre the vessels

under my command. These vessels were at about five miles distance.

I gave orders to stetr towards the vessels, but they made off as

soon as we turned towards them. This made me confident that the}'
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were enemies ; and, a little later, the daj^ight showed me that I had

the Huascar and the Union before me.

The chase was determined. In spite of the bad state of the Blan-

co's boilers, I ordered full speed, and that the ship should be turned

directly towards the chase. I easily' saw, from the speed of the ene-

my, that my efforts would be useless, if it did not turn out, as I confi-

dentl}' expected, that the other Chilian vessels would join in the game,

and head off the enemy in his flight. In confirmation of my belief, I

recollected that the captain of the Cochrane must, at this time, be

cruising about twenty miles off Point Angamos.

Tlie eneni}^ fled before us, sometimes inclining towards the west,

and sometimes drawing in towards the land, but always steering nearly'

north. The superior speed of his vessels increased momentarily the

distance between us. I continued, however, the pursuit, as the best

means of forcing the enemy into action, by encountering the cruisers

off" Mexillones.

At about 7 A. M., we saw, to the NW., the smoke of two ves-

sels. A few moments after, it was certain that they were our vessels,

and that they were chasing the enemy.

The Peruvian vessels, seeing the danger the}- were in, forced their

engines to full speed, and continued their flight to the north, keeping

close to the shore ; the distance between the enemy's vessels and our

ironclads being about sixty-eight hundred yards. The Union, whose

speed was the greatest, evidently increasing this distance, the corvette

O'Higgins and the steamer Loa left the rest of the Chilian squadron,

in her pursuit ; the rest of the squadron steering towards the Huascar

at full speed.

The Cochrane, forcing her engines to the utmost, succeeded in les-

sening visibly the distance which separated her from the Peruvian

monitor. The latter, making a supreme effort, tried to escape to the

north ; but our ironclad gained on her, and it was evident that the

fight must begin in a few minutes more.

At 8.40 a. m., the Cochrane was at about three thousand metres

distance from the Huascar. At 9.15 the latter, still fl3'ing, fired the

first shot at the Cochrane. Our ironclad did not reply. With a se-

renity worthy of all praise her commander was not concerned with the

fire of the enemy ; but continued to advance upon him, in order that

the fire of the Cochrane might be more sure and more eflTective ; and

the combat, a few moments later, began with a well-sustained fire

from both vessels.
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The Blanco, meanwhile, advanced towards the enem3% The Huas-

car after a considerable cannonading with the Cochrane, turned

towards the Blanco, and fired some shots at her ; these were returned

immediately.

There was an interval when the ensign of the Huascar had disap-

peared, and we thought the fight ended ; but the Peruvian flag was al-

most immediately re-hoisted, and the struggle continued.

As the fight went on, the vessels drew so close together that it was

thought that the rams would be used. At one time, the Huascar

passed the Blanco at about twenty-five metres distance only, firing

her guns, and keeping up a warm discharge from the machine guns in

her top. The Cochrane having drawn away from the Huascar, while

that ship was closely engaged with the Blanco, presently returned,

and, handled with great skill, she placed the enemy between two fires.

The enemy then, under the hail of shot from our two ironclads, was

obliged to submit.

The Covadonga, near the end of the fight, got within range, and

fired upon the enemy. It was evident that the crew of the Peruvian

ship were greatly demoralized. Although her engine was going ahead

still, as if she still hoped to escape, we could see that some of her

men were throwing themselves overboard.

I, therefore, ordered the fire to cease, and ordered the nearest ves-

sels to lower boats to pick up the men in the water. One of the boats

from the Blanco, under command of the chief-of-stafl" of the squadron,

went on board the Huascar, to take the officers of that ship prisoners
;

and, a few moments later, this boat returned aboard, bringing the sad

information that Captain Grau was dead, killed by a projectile, and

that his body had disappeared, and also that two officers who had suc-

cessively replaced him were dead.

The death of the Peruvian rear-admiral, don Miguel Grau, has

been much felt in this squadron, whose chiefs and officers highly

honor the patriotism and valor of that great sailor.

I next occupied myself in the transportation of the wounded and

prisoners, sent a Chilian crew aboard the prize, and sent her to Mex-

illones de Chile.

The victory gained near this port has immensely weakened the mar-

itime power of the enemy, and has gained for our republic an excel-

lent vessel of war. Her engine being unhurt this vessel ma}', after

slight repairs, go into battle with our flag flying. Besides this valu-
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able acquisition, we have, in our power, twent3'--five chiefs and oflScers

prisoners, and more than one hundred enlisted men.

This result has been obtained at a small sacrifice. The Cochrane

was struck twice, but was not damaged in any vital part. Her crew,

according to the report of her captain, has twelve wounded ; of whom
one has died, another is gravely hurt, and the rest have slight wounds.

The Blanco did not have any loss, and was not damaged in any part.

The conduct of the chiefs, officers, and crews of the vessels of my
squadron was excellent. When the destructive effects of our project-

iles are seen it will be evident that all were as cool as though we were

firing at a target.

In separate communications I forward to you detailed lists of the

prisoners, of the number of the dead and wounded, and the reports

of the commanding officers of each of the vessels under my command
which took part in the battle.

I must add that the O'Higgins and steamer Loa, that went in pur-

suit of the Union, chased her as far as the river Loa. Seeing the im-

possibility of overtaking her, it being already late in the day, the

chase was abandoned, and our ships steered to the south, reaching

Mexillones de Chile at 9 a. m. of the 9th.

Very Respectfully.

Further details of the battle of the 8th of October. Communicated

by Captain of Corvette Don Guillermo Peiia, second captain of the

Blanco Encalada.

At 3.55 a. m. coming out from under Punta Tetas, we endeavored to

drive the Husacar north, so that she might meet the Cochrane, O'Hig-

gins, and Loa, off" Mexillones. At 9, we saw the smoke of three ves-

sels, and then we felt that our prize was sure. At 9.20 the Huascar

fired her two 300-pdrs. at the Cochrane ; the latter did not reply, but

continued the chase. The Huascar continued her flight to the north.

At 9.25 the Cochrane fired with her chase guns with good direction

the Huascar replied with two guns. At this time, the Blanco was

fift3^-five hundred yards off. At 9.30, the action between the Huascar

and the Cochrane was full}' engaged ; the Huascar steering about

NNE. At 9.35, one of the Cochrane's shots struck. At 9.38 the

Huascar turned her bow towards the Cochrane. At 9.45 the Coch-

rane put a shell through the Huascar, and at 10, another through her

side. At 10,01 another in the same side, and the Huascar turned her

bow towards Punta Chacaya. At 10.03, a shell from the Cochrane
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struck the Huascar's stern. At 10,04 one struck the side ; and at

10.08 another in the same place. At 10.09 the Blanco fired at two

hundred yards. At 10.10 the Huascar's flag was hauled down; but

Im, 30s. later, it was rehoisted. At this time the 'fight was renewed

with us very near. At 10,36, we put a shell through the Huascar's

stern ; and at 10.37 two shots in the side and at the line of flotation.

At 10.55 she hauled down her flag, was taken possession of by fifteen

sailors and five soldiers, and at 11.30 steered towards Mexillones,

using her own engine. She anchored at Mexillones at 3.05 p. m.

ii. commttnicated by the commander of the loa, captain of

Corvette don Javier Molinas.

6.10 a. m. Saw smoke to the south. Signalled immediately to

Cochrane and O'Higgins. Fired the two stern guns. Cochrane and

O'Higgins steered towards the shore. Huascar and Union forced

towards the shore. Blanco and Covadonga chase from the south.

Cochrane and O'Higgins to the north ; Loa to the west, steering

south.

9.20 a. m. The Huascar fired her two 300 pdrs. at the Cochrane.

Shot passed over.

[Then follows a description of the fight, already described by Cap-

tain Pena.]

10.57. The Loa and O'Higgins start in pursuit of the Union.

—

12.15 p. m. The Loa passed the O'Higgins. The chase continues.

2.30. Fired the bow guns. 2.40. Fired the 150 pdr. at the Union.

We were going fourteen knots at full speed. 2.45 Loa on the port

side of Union. Fired the bow gun. 3,29. Fired the bow gun, and,

seeing that the pursuit was useless, ordered half-power.

La Union, although within shot, did not reply to a single one of our

shots. She increased her speed to an extraordinary extent.





Commodore Foxhall A. Parker, U. S. N,

Vice President of ti^e Naval Institute.

On the loth June 1879, the Institute lost in the

death of its Vice President one who, from the foun-

dation of the society, had ever been a most ardent

champion and zealous member. Commodore Par-

ker was chairman of the committee which organized

the Institute, a member of the first Executive Com-

mittee and President for 1878. He read the first

paper before the society and for six years was al-

ways ready to forward its interests by earnest work

and able literary contributions.
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BOOK NOTICES.

At a recent meeting of the Executive Committee it was

Resolved :—That notices and reviews of professional books may be

inserted in the proceedings ; but that no American book shall be

reviewed unless a copy be sent to the Corresponding Secretary', to be

deposited in the Library of the Naval Institute, and that all reviews

shall be signed by the reviewer.

C. BELKNAP. Secretary.

The Life and Letters of Admiral D. G. Farragut, D. Apple-

ton & Co. The Service, as well as the country at large, is indebt-

ed to Mr. Farragut for the excellent life he has given us of his father.

The work is almost an autobiography, the greater part of the volume

being extracts from the Admiral's journals. The days of pirates, of

boai'ding, and romantic adventure are linked, in the simple narrative

of the great sailor, to the stern realities of the late war.

Between the lines one reads of the development of the man, and

the Navy from the days of the earlier combats to the latest victories

;

while a spirit of steadfast devotion to duty, and a knowledge of the

exact means to bring about a desired end, show ^how fixed purpose,

and not chance, gained the admiral's commission.

Mr. Farragut deserves great credit for the literary ability displayed

in the book and the tact with which he has avoided the temptation of

allowing his filial pride to mar the historical value of the biography.

He has let his father tell his own stoiy, and when the author ap-

pears it is with an unassuming modesty which shows how deeply he

has felt the obligation upon him.

A Text Book of Naval Ordnance and Gunnery, hy A. P.

Cooke, Commander, U. S. N. Second Edition. John Wiley and

Sons, New York.

The science of gunnery is so constantly changing that it is almost

impossible for a text book on the subject to keep pace with the rapid

improvements. The latest edition of " Cooke," however, has embod-

ied in it all the innovations of the past few years. The new processes

of making cannon metals, and the recently constructed guus of the

United States and Europe have taken the place of the almost obsolete

methods and ordnance given in the first edition.
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The numerous fine engravings and lucid descriptions of the Siemens-

Martin steel, the Lowell Battery, the 8 inch M, L. R., the 100 ton

gun, and 80 pdr. rifle are especially deserving of mention, and reflect

great credit upon Commander Cooke and his collaborator Lieut. J. C.

Soley.

J. W. MILLER.
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